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To enable owners to realize maximum benefits 
from the Model 120, Spinco Division now offers 
regularly scheduled operator training sessions. 
These are comprehensive courses covering op- 
eration of the instrument, the chemistry involved 
and advanced techniques. We will be happy to 
send you the curriculum and schedule. 
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MODEL 120 AMINO ACID ANALYZER DOES ALL THREE... 
automatically ! 


With the addition of new accessories, the 120 
Analyzer has become an even more valuable time- 
saving tool for the biochemist. Large-bore columns 
allow preparative runs on mixtures of peptides or 
amino acids. A versatile new valving system and 
an accessory stream divider pump permit part of 
the column effluent to be analyzed colorimetrically, 
while diverting the main flow either to an external 
fraction collector, through a scintillation counter, 
or both. 

Whether your work involves analyzing protein 
hydrolyzates, physiological fluids, tissue extracts, 
foods, culture media, or pharmaceuticals, this ver- 
satile instrument can take over much of the routine 
of repetitive peptide and amino acid analyses. 

For latest information on the Model 120 
Analyzer, and its new accessories, write Beckman 
Instruments, Inc., Spinco Division, Stanford In- 
dustrial Park, Palo Alto, California, and ask for 
Data File 120-5. 


Beckman: 
Spinco Division 


Beckman Instruments, Inc. 


SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 
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| Turn to these Saunders books 
3 for answers to your reference questions 


A New Atlas! Blechschmidt— 
The Stages of Human Development Before Birth 


Beautifully depicts the levels of pre-natal growth and develop- 
ment from the unicellular level until birth. With enlarged 
illustrations of rare microscopical preparations and histological 
specimens, the author reconstructs the development of the 
embryo, giving you valuable insight into the early functioning 
of human organisms. Fascinating new discoveries in the field 


columns—one German and one English. You'll find chapters 
on: fertilized ova in the oviduct; blastocysts in the uterus; 
stages of placentation; anlagen of embryos; and studies of the 
organs of human embryos—head; neck; dorsum; lateral trunk 
wall and extremities; ventral trunk wall; serosa, mediastinum 
and diaphragm; thorax and thoracic viscera; abdomen and ab- 


of kinetic anatomy are discussed by the author. The book is dominal viscera; retrositus and pelvic organs; external 
logically organized by body regions, with chapter divisions genital apparatus. 
also made on this same topographical basis. Material is ar- 

s ‘ A By E. BLEcHscHMipT, M.D., Professor of Anatomy and Director of the 
ranged in an easy-to-use format—illustrations appear on right- Institute of Anatomy, University of Gottingen, Germany. About 630 
hand pages; text on the left. The text is run bilingually in two pages, 714” x 1014”, with about 300 illustrations. About $23.00. 


New—Just Ready! 


. 


New! Perez-Tamayo—Mechanisms of Disease 


Surveys pathology from its general cellular aspects to specific tissues; Neoplasia. The latter half shows disease as a disturb- 
examples of disturbed homeostasis in disease. This text differs ance in homeostasis by presenting the pathology of connective 
from others in the field in two ways. First—it pays far more tissues; the host-parasite relation; the immune response; body 
attention to living anatomy than to morbid anatomy. Second— fluids and electrolytes; metabolism and nutrition. Particular 
it integrates considerations of morphologic change with func- emphasis is paid to the cellular concept of disease. Descrip- 
tional derangement rather than treating them as separate tions are supported with pertinent cytologic, histologic, physio- 


a entities. The first half of the book covers general pathologic logic or biochemical evidence. Over 200 clear illustrations and 
processes, with chapters on: Degenerative and regressive dis- over 50 tables clarify the text. 
turbances; Inflammation; Repair, regeneration and_ tissue 
transplantation; Disturbances of growth and differentiation of By Ruy Punsz-Tamayo, M-D.. Professor and Director of ie Deparaaas 


of Pathology of the School of Medicine, National University of Mexico. 
About 704 pages, with 232 illustrations. About $15.00. New—Just Ready! 


Maximow and Bloom—Histology 


Studies the structure of each part of the human body as seen microscopically and sub- 
microscopically. The function of each part is discussed in relation to location, composi- 
tion, appearance, structure and differentiating characteristics. The magnificent illustra- 
tions in this book represent the finest collection of histologic drawings, photographs 
and photomicrographs ever published. Of particular interest are the discussions on: 
tissue structure; the epithelium; bone; nervous tissue; skin; cartilage; muscle; intes- 
tine; lung; kidney; retina. Widely acclaimed as the number one textbook in the field, 
this book provides solutions to many histologic problems and gives insight into new 
techniques and advances in instrumentation. 


By the late ALEXANDER A. Maximow, Professor of Anatomy, University of Chicago; and WiLLtiaAM 
BLoom, Professor of Anatomy, University of Chicago. 628 pages, 7” x 10”, with 1082 illustrations, 265 
in color, on 631 figures. $11.00. Seventh Edition! 


Arey—Developmental Anatomy 


Covers both structural and functional aspects of embryology in a combined text and lab 
manual. The book is divided into three parts: General Development gives the funda- 
mental concepts of growth and reproduction in Amphioxus, Amphibians, Birds and 
Mammals; Special Development explains in detail the growth of each organ or system 
in the human embryo; the Laboratory Manual provides studies of the chick and pig 
embryos. Unwieldy topics, such as the cardiovascular and urogenital systems are divided 
into shorter, easier-to-understand chapters. Basic facts appear in large type; more tech- 
nical data are included in smaller types. Developmental mechanics of each organ or 
group of organs is summarized under the heading, “Causal Relations”. 


By Lestte BRAINERD AREY, Ph.D., Sc.D., LL.D., Robert Laughlin Rea Professor of Anatomy Emeritus, 
Northwestern University. 680 pages, 6%” x 9”, with 1552 illustrations on 630 figures, some in color. 
$9.50. Sixth Edition. 


Order from 


W. B. SAUNDERS COMPANY 


West Washington Square + Philadelphia 5 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 
additional mailing office. Annual subscriptions: $8.50; foreign postage, $1.50; Cariadian postage, 75¢. 
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Surface turbulence generated by a grid agitator in a column of water. Those fluid 
particles possessing sufficient energy to overcome surface tension of the water break 
through the surface as shown. These breaking waves entrain air into the water and 
turbulent eddies then diffuse the air bubbles throughout the water column (scale: 
about 1.1:1). See page 392. [J. E. Flack, University of Colorado,. Boulder] 
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Modern... Versatile.. 
Economical! 


INTERNATIONAL’S 
ALL-NEW MODEL UV 
UNIVERSAL CENTRIFUGE 


This latest contribution to centrifuging 

progress combines in one moderately 

priced unit all the features most wanted Ff 

by medical and industrial laboratories. 

STREAMLINED DESIGN! Cabinetized construction 
adds new eye appeal to traditional International 

“work horse’’ ruggedness. Unitized control panel 
simplifies operation. Convenient storage space keeps 
accessories handy. 

WIDE-RANGE VERSATILITY! Swings more than 80 
different accessory combinations... at speeds up to 
5400 RPM. For example: 4 one-liter bottles, 150 serum 
tubes, 6-250 ml bottles, 16-50 mi tubes. 


MOST-WANTED FEATURES! Stainless steel 
guard bowl makes cleaning easy. Electric 
tachometer, timer and brake assure accuracy... 
improve performance. Powerful series-wound 
motor is International-made for extra reliability. 


GET ALL THE FACTS about this modern, 


versatile, economical centrifuge ...the one 
model you can standardize on for general-purpose 


laboratory work. 


INTER 
NATIONAL (EC) EQUIPMENT Co. 


1284 SOLDIERS FIELD ROAD . 


pee ed rush complete data on Internatio 
cessorses. Sold and serviced the wo od I i Centrifuge 
nternational dealers, 
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The Jinni in the Bottle 


J. R. Wiggins, editor of the Washington Post and Times Herald, has 
been asking some of his scientist friends: If you could put the jinni 
back into the bottle, would you do it? Would you, if you had the 
choice, undo the work that led to the release of atomic energy? The 
question is not historical, for obviously the past cannot be undone. 
Neither is it a strictly scientific question, for if Otto Hahn, Lise 
Meitner, Enrico Fermi, and their collaborators had not released the 
atomic jinni, others would have. The point of the question is its 
social significance, not only for atomic energy itself, but also as a 
forewarning of problems that may lie ahead. Consider the moral, 
social, and political dilemmas that would follow upon ability to con- 
trol the weather on a world-wide scale, to control genetic material, 
or to control human behavior. 

Warren Weaver posed essentially the same question, in a somewhat 
more manageable form, in asking C. P. Snow, after his address at 
the 1960 AAAS annual meeting: If a scientist can see with reason- 
able clarity that continuing a particular line of research is likely to 
produce information that might be turned to evil ends, should he 
continue, or should he stop? When phrased in this way, the question 
poses a personal choice, but only a personal one. A particular scien- 
tist can avoid personal responsibility for findings that may be used 
for evil purposes. But he cannot prevent those findings from being 
made. If he stops, someone else will continue. 

Among the several answers made to these questions is the statement 
that the scientist piays two roles, one as scientist and the oiher as 
citizen, and that he can and should keep the two roles separate. 
The distinction goes beyond saying that scientists should be con- 
cerned with the social implications of their work to say that the 
scientist, acting as a scientist, can press on wherever and as far as 
his curiosity and ability lead and permit, and that the same person, 
now acting as a citizen, can forget his scientific interests in helping 
to make decisions concerning science and its applications and its 
control. This is a comforting doctrine, but is it any more realistic 
than to expect the scientist to open all the bottles to see what they 
contain while the same person, as citizen, leaves firmly stoppered 
any that contains an ugly jinni? 

Quite aside from the impossibility of undoing the past, and quite 
aside from the impossibility of preventing others from doing what a 
particular person refrains from doing, can we expect the scientist— 
not an idealized abstraction but the human being in the next office 
—to differentiate his role as a scientist from his role as a citizen? 
We do not expect the clergyman to forget his cloth when he goes 
to vote. Nor do we ask the member of another profession to stop 
and ask himself: Am I acting as a member of my profession or as 
a citizen of my country? What can we fairly ask of a scientist? 

. Would you put the jinni back into the bottle if you could? The 
question can start a lively discussion. It can also lead to a perplexing 
consideration of whether or not the scientist can separate his roles. 
—D.W. 
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Only $1750! Over $500 less than its closest 
competitor! But don’t let its low cost fool Bausch & Lomb 1.5 METER 


you. In colleges all over the country it’s a STIGMATIC GRATING Spectrograph 


busy teaching tool, with overtime use in 
faculty research projects. In industry, it’s a 
basic tool of quality control and new prod- 
uct development. 


Bausch & Lomb 


DUAL-GRATING 
Spectrograph 


Here’s the equivalent of 
two spectrographs in one! 
Now you can photograph 
two different spectral re- 
gions... in just one expo- 
sure ...ona single 4” x 
10” plate or two 2” x 10” plates. 
Highest dispersion and resolution, for 
critical edge-to-edge study. So efficient, it 
reduces hours of analysis to minutes! 


How much spectrograph do you really need? 


Depends on your work. The more critical, the | knowledge of your analytical problems and 
more you need the high dispersion and resolu- objectives. We'll be glad to survey your re- 
tion of the Dual-Grating. But in more routine quirements—in complete confidence—and 
use, the simplicity and low cost of the 1.5 recommend the right equipment for your pres- 
Meter make it a popular choice. And there are _—_ ent and future needs. Just call us in for con- 


widely overlapping areas of quality control, sultation at your convenience. No obligation, 
education and research in which only your of course. 
future needs can determine which you should 


BAUSCH & LOMB INCORPORATED 

85620 Bausch Street, Rochester 2, N. Y. 

( Please schedule a consultation at my con- 
venience with no obligation to me. | 

(] Please send Spectrograph Catalog D-277. | 


choose. 
In short, the answer depends on thorough 


BAUSCH & LOMB 


NAME, TITLE 
Since PROFESSIONAL 
ADDRESS .... 
Made in America, to the world’s highest standards. 
Visit Bausch & Lomb at Booth #24, American Institute of Biological Sciences, Lafayette, Indiana, August 27-31, 1961 
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CURRENT PROBLEMS IN RESEARCH 


Freezing Nuclei, Meteors, 


and Rainfall 


Do tiny particles from meteor streams influence 
rainfall over the earth’s continents? 


New theories concerning mechanisms 
that exert a controlling influence upon 
the earth’s weather are bound to be 
regarded with skepticism, particularly 
by meteorologists used to watching the 
orderly, though regrettably rather un- 
predictable, progression of cyclones and 
anticyclones, cold and warm fronts, 
over the earth’s surface. Such indeed 
was the reception accorded the sugges- 
tion by E. G. Bowen, chief of the 
Radiophysics Division of the Austral- 
ian Commonwealth Scientific and In- 
dustrial Research Organization, that 
there was a close connection between 
the earth’s passage through meteor 
swarms and the whole terrestrial rain- 
fall pattern some 30 days later. 

In the eight years which have elapsed 
since the meteor hypothesis was first 
propounded it has excited sufficient in- 
terest and controversy that a great deal 
of experimental and statistical work has 
been undertaken in various parts of the 
world, designed to test the predictions 
of the theory and to extend our knowl- 
edge of the various links in the chain 
by which the mechanism is supposed 
to operate. Some of this work has al- 
ready yielded interesting and impor- 
tant new information, while some ex- 
periments are still in the planning stages, 
and still others have revealed further 
puzzles for later investigation. 
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N. H. Fletcher 


Condensation Nuclei and Clouds 


To view the meteor hypothesis in 
proper perspective we need first to see 
what is at present known about the 
way in which clouds form and the way 
in which rain develops within them. 

When warm moist air rises it ex- 
pands and cools, and its relative humid- 
ity increases toward 100 percent; at 
this stage the air is said to be saturated 
with respect to water vapor. Any fur- 
ther cooling of the air would cause a 
further increase in humidity above 100 
percent, and the air would become 
supersaturated if it were perfectly clean, 
but in the atmosphere this does not 
happen. Instead, water begins to con- 
dense on some of the numerous tiny 
particles of soluble material which are 
normally suspended in the atmosphere, 
and a cloud of tiny water droplets be- 
gins to form at a relative humidity just 
greater than 100 percent. In fact, 
even in very fast growing clouds, the 
supersaturation rarely exceeds | percent. 

These soluble particles on which the 
water droplets form are called conden- 
sation nuclei and are produced by 
evaporation of tiny droplets of sea 
water, or, even more importantly, by 
the actions of dew and sunshine on 
soluble salts in the soil. The concen- 
tration of condensation nuclei in the 
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atmosphere is normally quite large, and 
since their most important source is the 
soil, they are more numerous in air 
masses which have spent many days 
over a large continental land mass than 
in maritime air masses. Figure 1 shows 
the concentrations of condensation 
nuclei which become active at various 
supersaturations, as measured by Two- 
mey in southeastern Australia. 

When the condensation process is 
studied for different sets of possible con- 
ditions it is found that the maximum 
supersaturation reached is a few tenths 
of 1 percent, and from Fig. 1 this 
would lead us to expect that maritime 
clouds would have about 50 droplets 
per cubic centimeter, whereas conti- 
nental clouds would typically have 
about 300 droplets per cubic centimeter. 
These values agree very closely with 
the results of droplet counts in clouds 
of maritime and continental origin re- 
ported by Squires. 

Another thing which has been estab- 
lished is that in almost all reasonably 
large clouds, irrespective of size or 
origin, the liquid-water content aver- 
ages about 0.5 gram per cubic meter. 
There appears to be some sort of mix- 
ing-in of dry air from outside the cloud 
which maintains this value. Taken with 
the droplet counts given above, this 
means that maritime clouds contain 
small numbers of rather large droplets, 
whereas continental clouds consist of 
large numbers of very small droplets. 

Now, careful theoretical work by 
Hocking in England has shown that be- 
cause of the complicated flow of air 
around small cloud droplets, only 
droplets with radii greater than about 
18 microns are able to collide with each 
other; smaller drops deflect each other 
and can suffer only “near misses.” Be- 
cause of this effect, though the droplets 
of maritime clouds are big enough to 
form raindrops by repeated collisions 
and coalescences, most continental 
clouds are quite stable, in this respect, 


The author is a senior lecturer in physics at 
the University of New England, Armidale, New 
South Wales, Australia. 
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Fig. 1. Activity distributions of conden- 
sation nuclei in air masses of continental 
and maritime origin. [After Twomey] 


have few such collisions, and can never 
yield rain by this mechanism. Since 
most important continental rainfall, 
with the exception of that falling on 
coastal regions, tends to originate in 
continental air masses, I shall now con- 
centrate on the properties of these ap- 
parently stable clouds. 


Freezing Nuclei and Ice Crystals 


As a cloud rises above the conden- 
sation level its top continues to cool, 
and eventually its temperature falls be- 
low the freezing point. It might be 
expected that the cloud droplets would 
then freeze to form tiny ice crystals, 
but this is not the case, and in fact 
tiny droplets of pure water can be 
supercooled to temperatures near 
—40°C before they will freeze spon- 
taneously. The presence of small par- 
ticles, usually called freezing nuclei 
(1), is required to initiate ice forma- 
tion in clouds at temperatures higher 
than this. 

‘These freezing nuclei also occur 
naturally in the atmosphere, but where- 
as condensation nuclei are present in 
hundreds per cubic centimeter, the 
concentration of natural freezing nuclei 
active above —20°C is only a few per 
liter of air. The general form of the 
activity spectrum of these natural freez- 
ing nuclei is shown in Fig. 2. 

We may expect, then, that under 
average conditions, when cloud-sum- 
mit temperature falls to —20°C, the 
cloud top itself will contain about one 
ice crystal per liter. Though the con- 
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centration of these ice crystals is negli- 
gible as compared with that of water 
droplets, their physical importance is 
very great. At temperatures below 0°C 
the water-vapor pressure over ice is 
less than that over water, and at tem- 
peratures in the range —10° to —20°C 
this effect is so great that water drop- 
lets near one of these ice crystals evapo- 
rate quite quickly and the vapor is de- 
posited upon the growing ice crystal. 
This process is illustrated in Fig. 3. 

Here, then, is the process which 
leads to instability and precipitation in 
continental clouds. The ice crystals 
grow at the expense of neighboring 
water droplets until they are large 
enough to fall through the cloud, col- 
lecting further water droplets by colli- 
sion as they do so. Whether the pre- 
cipitation falls as rain, hail, or snow 
depends largely upon the total depth 
of the cloud and upon the temperature 
at its base. The concentration of ice 
crystals required to cause substantial 
precipitation from an average cloud is 
estimated to be between 1 and 10 per 
liter at the cloud top. 

I might digress a moment to point 
out that this is the origin of our pres- 
ent rain-making techniques. Silver 
iodide smoke is a very efficient ice- 
nucleating agent at temperatures below 
about —10°C; hence, if this smoke is 
injected into a cloud it starts the pre- 
cipitation mechanism operating much 
earlier than the natural freezing nuclei 
can, and in this way it should tend to 
increase the local precipitation. 

The onset of glaciation in cloud tops 
can be quite easily recognized from the 
appearance of the cloud itself. Figure 4 
shows a cumulus cloud that consists 
entirely of water droplets and has a 
sharp, cauliflower-like outline. Figure 
5 shows the same cloud after the top 
has become glaciated, in this case after 
the introduction of silver iodide parti- 
cles. The ice crystals are blowing away 
from the top of the cloud, giving it a 
characteristic anvil shape and soft out- 
line, while heavy rain can be seen falling 
from the base. Exactly the same sort 
of behavior occurs with natural freez- 
ing nuclei. 

This precipitation process has been 
investigated from many points of view, 
but here we are concerned with its very 
first stages—stages leading up to the 
production of ice crystals in the re- 
quired concentration in the cloud top. 
The three major questions to be an- 
swered concern the origin of the natural 
freezing nuclei that are active at tem- 
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FREEZING NUCLEI PER LITRE 


TEMPERATURE IN °C 

Fig. 2. Average activity distribution for 

ice-forming nuclei in the atmosphere. The 

activity curve varies from day to day but 

typically lies within the shaded region. 


peratures above about —20°C, their 
chemical composition, and the mecha- 
nism by which they cause the produc- 
tion of ice crystals. Each of these 
questions is still a source of discussion 
and controversy, but considerable prog- 
ress appears to have been made toward 
their solution. 


The Meteor Hypothesis 


The meteor hypothesis, put forward 
by Bowen in 1953, states that at least 
a substantial fraction of the more active 
freezing nuclei in the atmosphere have 
their origin as micrometeoritic particles 
collected by the earth in its orbit 
through space. The evidence which 
leads to this conclusion is of an indi- 
rect and statistical nature, as I shall 
now show. 

Rainfall on the earth’s surface is in- 
fluenced by many factors, some of 
which are periodic (like the seasons) 
and many of which, on a shorter time 
scale, are much more random, though 
there may be serial correlations due to 
such things as the movement of pres- 
sure systems. It is therefore to be ex- 
pected that when a sufficient number 
of data from different places and differ- 
ent years are combined to give a single 
curve for rainfall as a function of day 
of the year, a smooth curve will result. 

The great difficulty lies in estimating 
the degree of departure from smooth- 
ness which is statistically significant 
when a given number of records have 
been combined, and of course this also 
depends in detail on the exact method 
used to treat the data, since daily rain- 
fall is far from normally distributed. 
Nevertheless, when Bowen combined 
the rainfall records for 300 stations 
widely distributed in both hemispheres 
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(each station contributed records for a 
period of about 50 years), the devia- 
tions from smoothness were so large 
that it seemed reasonable to regard them 
as significant without any detailed sta- 
tistical analysis. 

Bowen’s world rainfall curve for the 
months of November, December, and 
January is shown in Fig. 6. It can be 
seen that deviations from the mean are 
as large as + 15 percent and that some 
peaks, particularly those of 12 and 22 
January and of 1 February, are par- 
ticularly prominent. 

Since the publication of this curve, 
Brier of the U.S. Weather Bureau has 
carried out an independent analysis 
of rainfall data from 150 stations dis- 
tributed over the United States. The 
choice of the stations and years in- 
volved was such that none of the data 
had been included in Bowen’s curve. 
Using careful statistical techniques 
Brier showed that there was a high 
correlation between the dates of rain- 
fall maxima and minima among the 
two sets of data which he used and the 
world rainfall curve of Bowen. The 
probability of the observed level of 
correlation occurring by chance was 
estimated to be less than 1 percent. 

A less elaborate, but again com- 
pletely independent, analysis of rainfall 


scope slide. 


Fig. 3. Two ice crystals growing among a population of water droplets on a micro- 


The ice crystals shown are about 100 microns in maximum dimension, 


while the water droplets are typically about 2 microns in diameter. 


records, from stations in the U.S.S.R., 
by Dmitriev and Chili yielded 30 rain- 
fall peaks over the whole year which 
were considered to be statistically sig- 
nificant. The agreement between the 


dates of these peaks and those in the 


appropriate part of Bowen’s curve was 
again very good. 

These studies appear to have estab- 
lished fairly firmly the existence of 
world-wide, annually recurring singu- 
larities in the terrestrial rainfall pattern. 


Fig. 4. A cumulus cloud consisting entirely of water droplets. Note the sharp outline and the uniform base level, which shows 
how definite is the onset of condensation. [Commonwealth Scientific and Industrial Research Organization] 
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Fig. 5. The cloud shown in Fig. 4 about 30 minutes after seeding with silver iodide smoke. The top of the cloud now contains 


large ice crystals, which may be seen blowing downwind in a typical “anvil.” Heavy rain can be seen falling from the cloud 
base. [Commonwealth Scientific and Industrial Research Organization] 


If then, these rainfall peaks are real, 
they must be due to some physical 
phenomenon in the atmosphere, and 
both the global nature of the singular- 
ities and their annual recurrence appear 
to require some sort of extraterrestrial 
mechanism. It was for this reason that 
the meteor hypothesis was put forward. 

When a correlation is sought between 
rainfall peaks and known meteor 
showers it is natural to expect that the 
meteor shower will precede the rainfall 
peak’ by an appreciable period, during 
which the meteoric dust settles through 
the stratosphere and reaches the level of 
convective mixing below the tropopause. 
With this in mind, Bowen found a cor- 
relation between his rainfall peaks and 
intense meteor showers occurring about 
30 days previously, as shown in Table 1. 

More extensive correlations have been 
found for other parts of the year, both 
by Bowen and by Dmitriev and Chili, 
and the correlation has been strength- 
ened by the recognition of periodicities 
in rainfall peaks associated with peri- 
odic meteor showers such as the Per- 
seids in September, the Giacobinids in 
October, and the Bielids in December. 
Most recent work has, however, con- 
centrated upon the well-defined peaks 
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and prominent meteor streams indicated 
with asterisks in Table 1. 

A rather striking feature of the me- 
teor hypothesis is the time lapse of 
30 + 2 days between the meteor shower 
and the rainfall peak with which it is 
associated. The most obvious conclu- 
sion is that this is the time required 
for the meteor particles, slowed to ter- 
minal velocity at a height of about 80 
kilometers, to fall under gravity to the 
level of the tropopause. If this is so, 
then it can be estimated that the parti- 
cles involved must have a diameter of 
about 10 microns, and the sharpness 
of the rainfall peak implies a corre- 
sponding sharpness in the size distribu- 
tion. I discuss this aspect of the theory 
in more detail later. 


Supporting Evidence 


Evidence supporting the meteor hy- 
pothesis, or at least consistent with it, 
has come from a variety of sources. In 
the first place, if the rainfall peaks are 
real and due to a sudden increase in 
the freezing-nucleus content of the 
atmosphere, then it would be helpful to 
have a direct measurement of this in- 


crease. Now the concentration of freez- 
ing nuclei in the air can be measured 
directly by a fairly simple technique. 
An air sample of known volume is 
placed in a container, humidified, and 
cooled down in such a way that a super- 
cooled cloud forms. If any freezing 
nuclei are present that are active at 
the temperature of the cloud, they form 
ice crystals, which grow and fall to the 
bottom of the container. If the bottom 
of the container is coated with a super- 
cooled sugar solution, then, on falling 
into this solution, the tiny ice crystals 
grow rapidly to visible size and can 
easily be counted. 

Freezing-nucleus counters of _ this 
type have, over the last few years, been 
operated daily during the month of 
January at a number of stations in 
Australia, New Zealand, South Africa, 
Sweden, England, France, Germany, 
and the United States. January was 
chosen for this study because the dis- 
tinct peaks in the rainfall curve for this 
month led one to hope that the freez- 
ing-nucleus count might show a similar 
simple pattern. 

The results of several years’ opera- 


‘tions have established that the freezing- 


nucleus count in most places does fluc- 
SCIENCE, VOL. 134 


: 
= 
| 


ontains 
e cloud 


f freez- 
easured 
hnique. 
ume is 
2d, and 
1 super- 
Teezing 
tive at 
form 
| to the 
bottom 
super- 
falling 
crystals 
nd can 


of this 
been 
nth of 
ions in 
Africa, 
rmany, 
ry was 
the dis- 
for this 
> freez- 
similar 


opera- 
reezing- 
es fluc- 


VOL. 134 


tuate greatly from day to day, and that 
concentration peaks of one or two days’ 
duration frequently occur. The rec- 
ords often vary greatly from station to 
station; however, when a composite 
curve is drawn for all stations there ap- 
pear to be fairly well defined peaks 
occurring within one or two days of 
the peaks in the rainfall curve. 

More recently Bigg, at the Radio- 
physics Laboratory, has developed a 
counter which continuously monitors 
the freezing-nucleus content of the air 
around it. This device has established 
that freezing-nucleus peaks may be of 
very short duration, rising to a maxi- 
mum in one or two hours and then de- 
caying more slowly toward the back- 
ground level. If purely local nucleus 
sources are ruled out by investigation, 
then it would appear that such sharp 
peaks occur after the breakdown of a 
temperature inversion separating nu- 
cleus-poor air in the lower layers from 
nucleus-rich air above. The occurrence 
of these rapid fluctuations requires that 
some sort of integrating technique be 
used if a representative daily nucleus 
count is to be taken. 

A second study which also has given 
a measure of support to the general pic- 
ture is a census of the occurrence of 
cirrus cloud over wide areas. Cirrus 
cloud consists of ice crystals formed 
high in the atmosphere, and a dense 
cirrus cover may reasonably be associ- 
ated with either a high concentration 
of freezing nuclei or a high concentra- 
tion of water vapor, or both, at that 
altitude. Bigg, who also carried out 
this work, examined available records 
of the occurrence of cirrus cloud over 
Australia and found maxima in the 
cirrus cover on or near peak days in 
the rainfall curve. In a similar study 
in the United States, however, Braham 
failed to find any significant correlation 
between the two curves. 

A very important piece of supporting 
evidence has recently been obtained. 
It has been known for some time that, 
within the altitude limits conveniently 
available to ordinary aircraft, the freez- 
ing-nucleus concentration shows no 
over-all tendency to decrease with 
height. This finding is rather unex- 
pected if it is supposed- that the nuclei 
originate at the earth’s surface, but it 
is completely in accord with the me- 
teor hypothesis. Now, at an altitude of 
about 10 kilometers there is a more or 
less permanent inversion, the tropo- 
pause, which should act as a substantial 
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Fig. 6. Bowen’s world rainfall curve. 


barrier to material of terrestrial origin. 
In 1959, however, Telford of the Ra- 
diophysics Laboratory succeeded in 
making several measurements of freez- 
ing-nucleus concentration above the 
tropopause and established that the con- 
centration at those altitudes was quite 
comparable to that below the tropo- 
pause. 

Towards the end of 1960, using a 
new sampling technique and with the 
aid of U.S. Air Force U2 aircraft, Bigg 
was able to sample freezing nuclei to 
a height of 20 kilometers. These meas- 
urements confirmed those of earlier 
trials with balloon-borne equipment and 
again showed high nucleus counts above 
the tropopause, giving substantial sup- 
port to the meteror hypothesis. 

A related experiment at present be- 
ing carried out promises to yield addi- 
tional information about conditions in 
the high stratosphere. If small meteor 
particles enter the earth’s atmosphere 
they either fall gently at the appropri- 
ate terminal velocity or else burn up 
during their deceleration. The dividing 
line between these two types of be- 


Table 1. Correlation between rainfall peaks and 
meteor showers. 


Meteor shower 


Rainfall Time 
peak lapse 
(date) — Date (days) 

8 Nov. Giacobinids 9 Oct. 30 
18 Nov. Orionids 20-23 Oct. 29 
26 Nov ? 

5 Dec Taurids 3-10 Nov. 32 
14 Dec Leonids 16 Nov. 28 
29 Dec Bielids I 27 Nov.-15 Dec. — 

1Jan.* Bielids II 2 Dec. 30 
12Jan.* Geminids 13 Dec. 30 
22 Jan.* Ursids 22 Dec. 31 

1 Feb.* Quadrantids 3 Jan. 29 


* Well-defined peaks. 


havior occurs at a particle radius of 
about 10 microns. The smaller parti- 
cles are slowed to a low velocity at a 
height of about 80 kilometers, and at 
this height their concentration becomes 
appreciable. The particle concentration 
at these heights can be studied by ex- 
amining the light scattered from this 
layer in the twilight zone, when it is 
illuminated by the sun and when lower 
layers of the atmosphere are in shadow. 
This technique frequently shows pro- 
nounced concentrations of particles at 
this height and may provide valuable 
information about the number of par- 
ticles captured from meteor showers, 
though of course it cannot be inferred 
that these particles are active as freez- 
ing nuclei. 


Criticism of the Theory 


Many aspects of the meteor hypoth- 
esis and the evidence brought forward 
to support it have been strongly criti- 
cized, and agreement has by no means 
yet been reached. 

Much of the initial criticism ques- 
tioned the reality of the rainfall peaks 
from both a physical and a statistical 
point of view. At this stage the criti- 
cism was perhaps justified, since rela- 
tively few data had been combined to 
give the rainfall curve. The curve of 
Fig. 6, however, representing as it does 
some 15,000 station-years of measure- 
ments, seems adequately representative 
of the world rainfall pattern. 

The associated statistical question re- 
lates to the significance of the “peaks” 
in Fig. 6 and is much more difficult to 
answer in view of the weighting and 
smoothing procedures used to obtain 
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the rainfall curve, and ‘of the non- 
normal distribution of rainfall records. 
The later work of Brier has, however, 
given very convincing support to the 
view that the peaks are real and sig- 
nificant. It would be of great value if 
similar independent analyses could be 
made of the almost countless alternate 
sets of rainfall records kept by the 
weather bureaus of the world. When 
such analyses are available, expert sta- 


tisticians will be able to determine the’ 


significance of the correlations between 
them. 

Perhaps the more interesting areas 
of disagreement concern physical as- 
pects of the theory. For the meteor 
hypothesis to be regarded as vindicated, 
the following points must be estab- 


SILVER 


lished: (i) that meteor particles can 
act as efficient freezing nuclei at cloud- 
top level; (ii) that ‘sufficient meteoric 
material is collected by the earth to 
account for a significant proportion of 
the observed freezing-nucleus popula- 
tion active above —20°C; (iii) that 
there is no terrestrial source of such 
freezing nuclei which greatly outweighs 
the contribution of the meteor particles; 
and (iv) that the arrival of the meteor 
particles at the earth’s surface (or at 
the tropopause) as a sharp pulse after 
a delay of 30 + 2 days is a necessary 
consequence of some reasonable mech- 
anism. 

None of these points has yet been 
conclusively proved or disproved, and 
it is in their investigation that most in- 


lODIDE 


Fig. 7. Molecular models, all to the same scale, of small crystals of ice, lead iodide, 


and silver iodide. In ice, only the oxygen atoms are ‘shown; in the other two crystals 


the white spheres represent iodide ions; the black spheres represent the metallic ions. 
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terest lies at the present time. Let us 
consider them in turn. 

The theory of the action of solid 
particles as ice-forming nuclei is as yet 
in the early stages of its development. 
Enough is known, however, to suggest 
that an efficient ice-forming nucleus 
should be of the order of 0.1 micron in 
diameter, or larger, and that it should 
consist of some more or less polar com- 
pound whose atoms are so arranged 
that crystal faces, when exposed, can 
match fairly closely the molecular ar- 
rangement on some low-index face of 
ice. This is illustrated for the case of 
two of the most efficient nucleating 
substances known—silver iodide and 
lead iodide—in Fig. 7. 

Now, meteoric particles may be either 
metallic or stony in nature. If metallic, 
they consist predominantly of an iron 
nickel alloy which seems most unlikely, 
on theoretical grounds and on the basis 
of laboratory tests, to have any appre- 
ciable activity as an ice nucleus. This 
conclusion, however, neglects an im- 
portant possibility, and that is that small 
metallic particles may undergo chemical 
reactions as they fall through the at- 
mosphere and may become coated with 
some ferrous salt which is itself a good 
nucleating agent. The situation is some- 
what similar for stony meteoric parti- 
cles. Powders or vapors made from 
stony meteorites have little activity in 
the laboratory, but it is not known to 
what extent such meteorites are typical 
in composition of the micrometeorites 
in which we are interested, or to what 
extent abrasion or vaporization dupli- 
cate the influences to which the micro- 
meteorites are subjected. The question 
of the activity of meteoric particles thus 
still remains open. 

Estimates of the amount of mete- 
oritic material accreted by the earth are 
necessarily indirect and differ from each 
other by as much as six orders of 
magnitude, so to evaluate the sufficiency 
of meteors as a source of nuclei is 
almost impossible. Evidence from ex- 
amining snowflakes and from using a 
particle-size discrimination counter on 
Bigg’s continuous nucleus counter sug- 
gests that most active freezing nuclei in 
the atmosphere are of the order of | 
micron in diameter. If this is true, then 
most of the estimated meteor accretion 
rates are somewhat too low to account 
for the observed nucleus concentration, 
but the higher estiniates of some work- 
ers and the general uncertainty leave 
this question open. 
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A related question concerns the rela- 
tive accretion rates of shower and 
sporadic meteorites. If the fluctuations 
in daily freezing-nucleus counts are 
taken to be caused by fluctuations in 
the meteoritic accretion rate, then one 
would expect that the accretion rate 
during showers would be as much as 
100 times the sporadic accretion rate. 
The weight of evidence at present avail- 
able suggests that this is not so, and 
that despite the considerable increase 
in visible meteors during showers, the 
total accretion rate changes relatively 
little. Present meteor-counting tech- 
niques, however, are limited to particles 
rather larger than those we have been 
considering, and it is possible that me- 
teor streams may contain rather large 
numbers of these submicron particles. 

When the possibility of a terrestrial 
source of freezing nuclei is examined, 
data are much more easily found. 
Mason and his co-workers in England 
have examineu the ice-nucleating prop- 
erties of many naturally occurring min- 
erals and have found at least one, 
kaolinite, which is apparently  suffi- 
ciently common and active to account 
for all observed nuclei, and at the same 
time not so abundant as to cause a 
saturation of the air with its particles. 

A criticism which may be made of 
these experiments is that we cannot 
be sure that the freshly ground mineral 
samples tested are typical in activity 
of the particles of this same mineral 
which might find their way into the 
atmosphere through processes of ero- 
sion. In fact it has been shown that 
the nucleation activity of many mica- 
like materials decays very rapidly on 
exposure to humid atmosphere condi- 
tions, and this may well occur with 
other minerals too. 

The suggested activity of kaolinite is, 
however, supported by Japanese work 
in which the nuclei at the centers of 
snow crystals were examined by elec- 
tron diffraction. The particles were, in 
most cases, several microns in diameter, 
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and the diffraction pattern suggested a 
clay mineral of the general type of 
kaolinite. 

Industrial processes, particularly those 
associated with ore smelting, which 
have been found to liberate vast quan- 
tities of active nuclei, are another possi- 
ble source of freezing nuclei on the 
earth’s surface. 

Against this must be set, however, 
the fact that active nuclei are found in 
apparently undiminished concentration 
over the Southern Ocean, a thousand 
miles from any possible continental 
source, and high above the tropopause, 
where particles originating at the earth’s 
surface would not be expected to pene- 
trate. Our knowledge of the fate of tiny 
particles injected into the atmosphere 
is, however, not sufficiently exact at 
present for any firm conclusion to be 
drawn, 

Finally, we consider the requirement 
that the meteoric nuclei arrive with a 
well-defined front at the tropopause 
after a delay of 30 + 2 days. The only 
mechanism which has been suggested 
for this effect is the free fall of the 
particles at their terminal velocities 
through the stratosphere. Rough cal- 
culations of this process suggest that 
a 30-day fall time should be associated 
with particles about 10 microns in di- 
ameter. This accords well with the 
maximum size for a meteor particle 
that remains unmelted in its fall, and 
also with the general size of particles 
found in snowflakes and cirrus crystals. 
These particles do not, however, show 
any sharp size preference, and indeed 
the majority of nuclei measured at the 
earth’s surface are less than 1 micron 
in diameter. 

Again, it is hard to see why the 
“peak” should remain sharp after 30 
days, since this would require an al- 
most unbelievable uniformity of particle 
size, and no such uniformity is evident 
at the earth’s surface. It seems that 
if the meteor hypothesis is valid there 
must be some as yet undiscovered mech- 


anism which either limits the size range 
of efficient nuclei or else transports all 
nuclei through the stratosphere by some 
mechanism other. than simple falling. 
Until such a mechanism is suggested, 
this will remain one of the most serious 
obstacles to any general acceptance of 
the meteor hypothesis. 


Conclusion 


During the past eight years the me- 
teor hypothesis has provided a stimulus 
for much interesting and valuable work 
on the origin and properties of natural 
freezing nuclei in the atmosphere. In 
many ways the results of this work ap- 
pear to support the hypothesis, but 
several steps of rather crucial impor- 
tance to the argument are still unex- 
plained, and other groups of experi- 
ments point towards a terrestrial origin 
for the nuclei. 

It is still too early to decide which 
view is correct. If, however, as appears 
to be the case, the rainfall singularities 
are real, then the meteor hypothesis is 
the only one which has been advanced 
as yet which seems capable of explain- 
ing them. 


Note 


1. To call these particles “freezing nuclei” implies 
that they act by causing the freezing of a 
water droplet. Another possibility is that ice 
may form directly upon the foreign particles 
by sublimation from the vapor, in which case 
they should be termed “subiimation nuclei.” 
Particles are known which act in both these 
ways, and what happens depends in detail upon 
temperature and humidity. For this reason 
the inclusive term ice-forming nuclei is perhaps 
to be preferred, but tradition has established 
the use of freezing nuclei, and 1 follow it here. 
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CURRENT PROBLEMS IN RESEARCH 


Genes and the Pigment Cells 


of Mammals 


Pigment cells provide unique material for studying 
the interactions of genetic determinants. 


Interest in the genetic aspects of 
mammalian pigmentation is almost as 
old as the science of genetics itself, for 
it was only shortly after the rebirth of 
Mendelism, at the beginning of this 
century, that W. E. Castle and his 
students, at the former Bussey Institute 
of Harvard University, initiated studies 
on the inheritance of specific coat-color 
types in guinea pigs, rats, rabbits, and 
mice. Although these workers were 
completely unaware of the anatomical 
basis and biochemistry of pigmenta- 
tion, the genetic analyses resulting from 
their extensive breeding studies estab- 
lished that the production of coat-color 
pigment patterns involved a iocal inter- 
action of specific gene products which 
was relatively unaffected by systemic 
or environmental factors. It remained 
for subsequent investigators to produce 
experimental evidence confirming the 
belief of some of the older histologists 
that melanogenesis is the sole preroga- 
tive of specialized branched or den- 
dritic cells, now usually referred to as 
melanocytes, of neural-crest origin, 
which function as unicellular melanin- 
secreting glands in the epidermis (/). 
This elucidation of the cellular basis 
of pigment formation, made a little 
more than two decades ago, set the 
Stage for extensive studies on the 
physiological genetics of pigmentation. 
These are directed toward answering 
the important question of how the 
genes which influence pigmentation 
produce their effects, and it is this that 
forms the principal subject matter of 
this article. 

The genetic aspects of mammalian 
pigmentation have been more _thor- 
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oughly worked out in the mouse than 
in any other species, for two reasons. 
Large numbers of coat-color muta- 
tions—that is, deviations from “wild 
type’—have occurred in this species 
(2), and the requisite stocks manifest- 
ing these mutations either are avail- 
able or can be produced comparatively 
easily because of the large number of 
inbred strains in existence. Although 
most of what follows, therefore, con- 
cerns studies on the mouse, it may be 
emphasized that the general principles 
illustrated certainly apply with rela- 
tively few qualifications to other mam- 
mals. 


Recognition of Genes Concerned 
with Pigment Formation 


Since the effect or effects of a par- 
ticular genetic locus can only be estab- 
lished on the basis of variations (al- 
leles) from the “wild type” that have 
been produced by mutations, it is ob- 
vious that the whole field of physio- 
logical genetics of pigment patterns has 
depended entirely upon the occurrence, 
recognition, and description of muta- 
tions, along with their preservation. For 


example, the so-called wild-type coat 


color in mice is probably best described 
as “grey-bellied agouti.” Animals of 
this color have a yellow banding of 
the otherwise black hair on the dorsum 
and a yellow terminal ticking of the 
ventral pelage. It is evident, however, 
that if mice of only this one phenotype 
were available for pigment studies, 
very little, if anything, could be found 
out about the number and action of 
specific genes which are responsible for 
producing this pigment pattern. An 
understanding of the genetic factors 


concerned has been made possible by 
the occurrence of deviant coat-color 
types produced by gene mutations. The 
investigation of the individual effects 
of these mutations reveals which 
aspect of melanogenesis is controlled 
by the so-called wild-type allele. 

It is obvious, therefore, that in the 
mouse there must still be a very large 
number of gene loci, in some way 
involved in pigment formation, about 
which we know nothing at present 
and about which we may learn some- 
thing in the future only if mutations 
appear. Nevertheless, enough coat-color 
mutations have occurred in this species 
to make a systematic analysis of their 
effects one of the most fruitful means 
of exploring the many diverse ways in 
which gene action and gene interaction 
can influence the distribution, mor- 
phology, synthetic activity, and so on, 
of a single cell—the melanocyte. 


Studies on Pigment Granules 


Although casual examination of 
murine hair shafts might suggest either 
that the pigment is in the form of a 
solid mass or that it is homogeneously 
distributed, careful microscopic study 
reveals that the color of hairs results 
principally from the presence of very 
tightly packed clusters of pigment 
granules. When hairs are actively grow- 
ing, the half-dozen or so melanocytes 
in the generative region of their fol- 
licles are continuously supplying pig- 
ment granules to the adjacent Mal- 
pighian cells of the upper bulb, which 
are to form the medulla and cortex of 
the hair shaft. There seems to be a 
direct transfer of the melanin which 
the melanocyte secretes, by way of the 
end processes of the cell’s branches, 
into the cytoplasm of these neighbor- 
ing cells (see Fig. 1). This apparently 
unique direct transfer of the secretory 
product of one cell into the cytoplasm 
of another has been aptly described by 
Masson (3) as “cytocrine” activity. 

Since pigment granules are the basic 
unit of pigmentation, all coat-color mu- 
tations, except those that produce 
white spotting, must necessarily pro- 
duce their effect by altering in some 
way the various attributes of these 
granules. This became evident from the 
results of E. S. Russell’s systematic 
histological investigation of the pig- 
ment of the hair shafts in different in- 
bred color stocks of mice (4). Prob- 
ably the most surprising outcome of 
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this study was that, in spite of all the 
different color hues to be seen in the 
coats of mice, only two basic kinds of 
pigment granules were found—oval or 
spherical black and brown granules, 
which are classified as eumelanin, and 
the much smaller, round, yellow gran- 
ules known as pheomelanin. 

In the light of recent work (5) it 
appears almost certain that both these 
melanins are protein conjugates. Eu- 
melanin is formed by the coupling of 
a quinonoid polymer, indole-5,6-qui- 
none, with protein. The polymerization 
and coupling processes occur on the 
surface of the subcellular cytoplasmic 
granule—the anlage of the mature pig- 
ment granule. The quinonoid polymer 
is derived from the amino acid tyro- 
sine, by a chemical reaction catalyzed 
by the copper-containing enzyme tryo- 
sinase, which is attached to the granule. 
Not very much is known about the 
synthesis of pheomelanin, although it 
appears that tyrosine is also involved 
in its formation. In the hair-bulb melan- 
ocytes of mice, the so-called A or 
agouti locus determines which of these 
types of melanin granule will be pro- 
duced. 

Although the nature (eumelanin or 
pheomelanin) of the melanin granules 
which occur in the hair shaft is ex- 
tremely important in determining the 
coat-color phenotype, other genetically 
determined attributes of the melanin 
granules, such as their size, shape, and 
color density, also play important roles. 
Marked differences in coat coloration 
can also be traced to the influence of 
certain genes on the number of gran- 
ules, as well as to the distribution of 
the granules in the hair shafts. There is 
no correlation in some of the attributes 
of pigment granules. For example, the 
nature, degree of granular clumping, 
and amount of pigmentation are deter- 
mined independently; other attributes, 
such as the nature of granule color and 
the extent of variation in granule size, 
are interrelated. 

From such comparative studies on 
the distribution and qualities of pig- 
ment granules in hairs, the roles of 
some of the major genes concerned with 
pigment formation in the mouse have 
been deduced. For example, it was con- 
cluded that the principal effect of sub- 
stituting the mutant genes bb (brown) 
for B- (black) at the so-called B locus 
involved a qualitative change which 
implicated only the formation of eume- 
lanin, having no appreciable effect on 
pheomelanin synthesis. The four allelic 
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Fig. 1. Living melanocytes in a squashed preparation of epidermal cells prepared from 
the black ear skin of a guinea pig. Notice the characteristic branches originating from 
the perikaryon of the melanocytes and the characteristic end caps terminating the end 
processes. These end caps are applied to the cytoplasm of cells of the Malpighian 
series. (About x 500) 


genes at the albino locus (C, c™, c’, 
and c) appeared to control in a purely 
quantitative manner the general level 
or intensity of pigmentation without 
affecting its nature. This suggested that 
this locus controlled the formation or 
availability of some substance, now 
known to be the enzyme tyrosinase, 
essential for the formation of all pig- 
ment. Substitution of pp (pink-eyed 
dilution) for P- (intense or wild type) 
altered both the size and the shape of 
the pigment granules and also reduced 
the level of pigmentation. Finally, the 
main effect of incorporating either dd 
(dilute) or /nin (leaden) genes into 
an otherwise wild-type genetic back- 
ground was to alter the pattern of 
the deposition of pigment granules in 
the cells of the hair shaft: the granules 
formed large granular clumps, unevenly 
distributed among the septules, instead 
of being distributed in a more orderly 
pattern. 

Current electron-microscope studies 
by Frank Moyer of Johns _ Hopkins 
University (6) may help to localize 
the primary effects of some of these 
loci-on the fine structure of melanin 
granules. Moyer is working on the 
retinal pigment granules of embryonic 
and neonatal mice derived from the 
same color stocks that Russell used. 
Some interesting findings have already 


been disclosed. For example, Russell’s 
observations that the melanin granules 
of pp mice are irregular in shape and 
smaller than those of the wild type has 
been shown to stem from an early dif- 
ference between pp and P- animals in 
the formation of the pigment granule, 
the internal fibers of pp granules differ- 
ing in their order of arrangement from 
those of the wild type. Furthermore, it 
has been shown that in the albino 
mouse (cc), although mature melanin 
granules are not formed, unpigmented 
“precursor granules” similar in appear- 
ance to granules of the corresponding 
developmental stage in the wild type 
do exist. It seems likely, therefore, 
that tyrosinase activity is blocked at 
this stage. 

Further studies along these lines 
may even reveal the existence of subtle 
changes in the granules of animals 
heterozygous for some color factors 
that we regard at the moment as com- 
pletely recessive. 


Enzymatic Studies 


Not only have detailed investigations 
been made of the pigment granules of 
coat-color mutants but considerable at- 
tention has also been devoted to the 
capacity of hair bulbs, or even of skin 
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Fig. 2. Intensely pigmented black and yellow mice, grafted at birth with histocompati- 
ble skin from newborn genetically yellow (but nonpigmented) and genetically black 
(but nonpigmented) mice, respectively, exhibit some intensely pigmented hairs within 
the graft margin when grown. These hairs are pigmented by host melanocytes which 
have migrated into hair bulbs of the graft, where their functional behavior is dictated 
by the milieu (agouti-locus genotype) of the graft. 


extracts, of various genotypes to bring 
about the oxidative blackening of 3,4- 
dihydroxyphenylalanine (dopa), now 
known to be an intermediate product in 
the synthetic pathway that leads to 
synthesis of melanin. One interesting 
conclusion from these studies, prin- 
cipally carried out by Sewall Wright 
and his students (7), is that the in- 
tensity of the dopa reaction (the dark- 
ening of the extraction mixture when 
extracts are employed, or darkening of 
the cytoplasm of melanocytes when 
frozen sections are used) parallels very 
closely the intensity of the yellow pig- 
mentation of the skin under study. 
In black and brown genotypes the in- 
tensity of the dark pigment produced 
corresponds with the amount of yellow 
that would have been produced if the 
animals had been genetically yellow. 
Similarly designed experiments, in 
which tyrosine and tryptophane were 
used as substrates, have been carried 
out by Morris Foster of the University 
of Michigan (8). These suggest that 
trytophane or one of its metabolites 
may be a precursor of pheomelanin. 


Sites of Gene Action in 
Pigment Patterns 


Although the work just outlined has 
contributed greatly to our understand- 
ing of the way in which genes in- 
volved in pigmentation produce their 
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effects (and there is certainly scope for 
further studies of this type), its short- 
coming lies in its failure to reveal 
whether the specific effects which dif- 
ferent genes have on the pigment 
granule are mediated through the 
melanocyte itself or whether these ef- 
fects reflect a primary action on the 
part of the environment in which this 
cell occurs. 

To illustrate this point let us return 
to the wild-type mouse and the agouti 
pattern which characterizes it, a pat- 
tern which involves the elaboration of 
both black and yellow pigment in the 
same hair, and which is determined by 
the A locus. Five different mutations 
have now been described at this locus, 
and when these various mutants are 
incorporated into an otherwise wild- 
type genetic constitution, phenotypes 
are produced which vary from animals 
that are all black (extreme nonagouti, 
a‘a’) and animals that are all yellow 
(A’-) to animals that have a black 
dorsum and a yellowish ventrum (black- 
and-tan, a‘-). Although this shows that 
the series of alleles at the A locus de- 
termines the nature of the melanin pro- 
duced by the melanocytes of the hair 
bulb (that is, determines whether it is 
eumelanin, pheomelanin, or both), it 
does not indicate whether the alleles 
at this locus produce their effect by 
acting autonomously within the hair- 
bulb melanocytes themselves or by 
acting indirectly in conditioning the 


follicular environment in some man- 
ner which, -in turn, affects the be- 
havior of the melanocyte. These alter- 
natives are important, since the former 
indicates that each agouti-series geno- 
type differs from the others at the level 
of its melanocytes, whereas the latter 
alternative implies a similarity in mela- 
nocytes but a difference in tissue en- 
vironments. 

Determination of the primary site of 
action of the genes at the A locus re- 
quires a study of the behavior of 
melanocytes of one agouti-locus geno- 
type experimentally incorporated into 
developing hair follicles composed of 
cells of a different agouti-locus consti- 
tution. This experimental condition can 
be achieved by transplanting compatible 
grafts of ventral or dorsal skin between 
newborn mice differing with respect 
to the nature (the agouti-locus consti- 
tution) and intensity (governed by other 
loci) of their future pigmentation. It 
takes advantage of the fact that some 
host melanocytes migrate across the 
graft boundary and establish them- 
selves in developing follicles of the 
alien genotype (see Fig. 2). A differ- 
ence in intensity of pigmentation be- 
tween host and graft is of course es- 
sential in order that hairs of the graft 
which are pigmented by host melano- 
cytes can be recognized. 

It has been found that the agouti- 
locus genotype of the graft always deter- 
mines whether eumelanin, pheomelanin, 
or both are produced by the “foreign” 
pigment cells of host origin (9). Thus, 
when potentially black melanocytes mi- 
grate into dorsal or ventral hair bulbs 
which, although phenotypically non- 
pigmented, are genetically yellow, in- 
tensely pigmented yellow hairs are pro- 
duced (Fig. 2). When similar melano- 
cytes are introduced into agouti (but 
nonpigmented) hair bulbs, the typical 
wild-type or agouti hair pattern re- 
sults. Additional findings suggest that 
this expression of genic activity is de- 
pendent not only upon the genotype of 
the follicular environment but also upon 
the location of this environment on the 
integument. For example, when either 
genotypically yellow or genotypically 
black pigment cells invade a dorsal, 
nonpigmented, black-and-tan graft they 
produce intensely pigmented black 
hairs, whereas when they are incor- 
porated into ventral follicles of the 
same genotype, yellow hairs with 
black bases (characteristic of the ven- 
tral hairs of intensely pigmented black- 
and-tan mice) result. This finding, in 
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conjunction with the observation that 
black-and-tan melanocytes are also able 
to respond completely to the agouti- 
locus genotype of the receiving hair 
follicle, implies that, in black-and-tan 
mice, ventrality and dorsality of loca- 
tion are not important per se but that, 
together with their genetic constitution, 
they present different follicular en- 
vironments which influence the expres- 
sion of the melanocyte. 

The importance of the hair follicle 
in promoting the elaboration of pheo- 
melanin is also emphasized by the 
fact that in yellow mice it is only in 
the hair follicle that pheomelanin is 
produced. In all parts of the animal 
where extrafollicular melanocytes are 
found—for example, the ear skin, tail 
skin, or eye—only eumelanin is syn- 
thesized (10). It is therefore evident 
that the inherent capacity of melano- 
cytes of all genotypes is to produce 
eumelanin, but that in the local milieu 
of “physiologically” appropriate hair 
bulbs they produce pheomelanin. The 
exact part played by the alleles at the 
A locus in promoting this physiolog- 
ically appropriate environment still 
remains to be determined. When this 
has been determined we will be one 
step closer to understanding the pri- 
mary gene action of these alleles. 

The experimental design described 
above has also served in investigating 
whether other loci involved in mela- 
nin formation in the mouse act within 
the melanocyte or act through the 
neighboring cells of the Malpighian 
system composing the environment. 
For example, in the agouti-locus study 
it was found that the C-locus genotype 
of the receiving hair follicle had no 
influence on the immigrant melano- 
cytes of host origin, the intense pig- 
mentation of the host (C-) expressing 
itself in the genotypically albino (cc) 
or lightly pigmented (c‘c’) hair bulbs 
of the graft. This locus, therefore, ap- 
parently acts autonomously within the 
melanocyte. Similar studies involving 
host-donor combinations which dif- 
fered at the B and P loci also indicate 
that these loci act within the pigment 
cell. 

It has already been mentioned that 
the main effect of both dd (dilute) 
and Inin (leaden) genes on the gran- 
ules of the hair is to cause the forma- 
tion of large, unevenly distributed 
granular clumps, which are responsible 
for the lighter appearance of these 
genotypes. In other investigations the 
origin of this clumping effect has been 
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traced to a difference in the morphol- 
ogy of dd and Inin melanocytes as 
compared with melanocytes of the wild 
type (DDLnLn) (10) (see Fig. 3). 
Whereas the melanocytes of wild-type 
animals are characterized by the pos- 
session of long, relatively thick den- 
dritic processes, in InJn and dd animals 
the pigment cells have fewer and finer 
dendrites. Because of this altered mor- 
phology melanin granules are 
largely clumped around the nucleus in 
the body of the cell. Since the den- 
drites are the channels through which 
the granules are secreted, the reduc- 
tion in size and number of the proc- 
esses in dd and Inln mice may inter- 
fere with the transfer of pigment 
granules to the epidermal cells; this 
interference could account for the ir- 
regular distribution of the granules in 
the hair shafts of these mice. 

To determine the site of action of 


Hair shaft 
with septules 


Superficial 
epidermis 


Fig. 3. 


the genes at these loci, Clement L. 
Markert and I (//) transplanted em- 
bryonic tissues containing potential 
melanocytes (melanoblasts) from nor- 
mal, leaden, and dilute animals into 
the anterior chambers of the eyes of 
adult albino or pink-eyed mice having 
the same or different Ln and D consti- 
tution as the graft. The results were 
consistent with the hypothesis that, al- 
though the genes at both the D and 
Ln loci exert their activity from within 
the developing melanoblast, the num- 
ber and size of dendritic extensions of 
a pigment cell is probably another func- 
tion of the environment in which the 
cell resides. Melanocytes of dd and 
InIn genotypes have an innately weak 
capacity for extending dendrites, as 
reflected by their altered morphology 
in the rather compact tissue environ- 
ments where they normally occur. 
However, in the less restrictive tissue 


Hair-bulb regions of follicles of different genotypes, illustrating differ- 


ences in ‘their melanocyte components. In the wild type (a) the many dendritic 
processes of the melanocytes of the bulb almost completely obscure the matrix, whereas 
in dd and Inin genotypes (b) the clumped arrangement of melanin granules around the 
nucleus of the cell makes it possible to identify individual pigment cells. The albino, or 
cc, genotype is characterized by the occurrence of large clear cells (c), which have been 
shown to be amelanotic melanocytes. These cells do not occur in hair bulbs originating 


in white spots (d). 
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environments in the eye, dd and Inin 
melanocytes do extend more and 
longer dendritic processes and in many 
instances are indistinguishable from the 
melanocytes of the wild type. Thus it 
appears that the Ln and D genotype 
of the pigment cell is expressed dis- 
tinctly only in suitably compact tissue 
environments. 


Genetic Factors in 
Melanoblast Differentiation 


So far I have attempted to describe 
some of the experimental methods used 
to determine how certain loci, known 
to be involved in the formation of the 
pigment granule and its deposition 
into the growing hair, produce their 
effect. These methods have revealed 
that some of these loci act autono- 
mously within the melanocyte, regard- 
less of the tissue environment in which 
the melanocyte occurs; others exert 
their activity from within the develop- 
ing melanoblast but produce their ef- 
fect only in a suitable tissue environ- 
ment; and still others produce their 
effect by altering in some way a partic- 
ular tissue environment which, in 
turn, affects the behavior of the pig- 
ment cell. 

The fact remains, however, that in 
all these cases we are dealing only with 
various ways in which specific genes 
can affect the product of a differen- 
tiated cell—the pigment granule. There 
is, in addition, a whole series of gene 
loci which, instead of influencing the 
product of the melanocyte, exert their 
effect on pigmentation at a more 
fundamental level by controlling some 
aspect of melanoblast differentiation. 
Probably the best examples of genetic 
factors in this category are those asso- 
ciated with white spotting—a charac- 
ter which is widespread among mam- 
malian groups. 

As background for a discussion of 
the physiological genetics of white 
spotting, I shall give a brief intro- 
ductory account of the origin, early 
embryology, and occurrence of mela- 
nocytes. 

The neural crest of the embryo, 
which originates between the junction 
of the neural tube and its overlying 
ectoderm, besides forming melanocytes, 
gives rise to cells which form the dor- 
sal root ganglia of the spinal nerves, 
the adrenal medulla and other chro- 
maffin tissue, and the Schwann cells of 
all peripheral nerves. Initially the 
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neural crest is continuous from front 
to back, but as development proceeds 
its constituent cells migrate ventro- 
laterally on either side of the spinal 
cord and at the same time become seg- 
mentally clustered. In the mouse, this 
anterior-to-posterior and mediolateral 
migration of neural-crest cells from 
their place of origin to their definitive 
positions takes place during the 8th to 
12th day of embryonic development 
(the gestation period of the mouse is 
about 21 days), as demonstrated in the 
classic experiments of Rawles (/2). 

In addition to the melanocytes 
finally located in the basal layer of 
the superficial epidermis that are re- 
sponsible for skin pigmentation, and 
those in the hair bulbs that are re- 
sponsible for hair pigmentation, there 
are other melanocytes responsible for 
the pigmentation of the choroid and 
iris (retinal pigment cells have a dif- 
ferent embryological origin, coming 
from the outer wall of the optic cup). 
Melanocytes may also be found in the 
leptomeninges and in other regions 
of the brain; they occur in at least 
some areas of the dermis in nearly 
all mammals, including man. Indeed, 
melanocytes have been observed in the 
parathyroid, the thymus, the ovary, 
the submucosal connective tissue of the 
uterus, the sheaths of the tubules of 
the epididymus, the spleen, the adrenal 
medulla, and the regional lymph 
nodes, as well as in many other loca- 
tions in some_ species, especially 
rodents (/). 

Whereas the absence of pigmenta- 
tion in albino animals apparently stems 
from an inherited metabolic defect in 
the synthesis of tyrosinase in melano- 
cytes which are normal in respect to 
their numbers and distribution, it is 
obvious that white spotting must have 
a different etiology, inasmuch as some, 
at least, of the cells of the body in 
white-spotted animals have the ability 
to synthesize melanin. This became 
even more apparent from the results 
of histological studies in which the 
white skin of the albino was com- 
pared with the white skin of piebald 
animals (/3). In all species so far 
investigated—mouse, rat, guinea pig, 
rabbit—the hair bulbs of white-spotted 
areas are characterized by matrices 
consisting of regularly arranged cells 
of equal size, but albino hair follicles 
contain, in addition, many large “clear” 
cells in their upper bulb region (see 
Fig. 3). These large cells with an ap- 
parently hyaline cytoplasm are un- 


questionably amelanotic melanocytes 
(melanocytes which are in every re- 
spect normal except for their ability 
to synthesize melanin); there is much 
anatomical evidence consistent with 
this interpretation, and in the mouse 
these cells have been shown to be of 
neural-crest origin (/4). 

The matrices of hair follicles arising 
in white-spotted areas are indistinguish- 
able from those of follicles of artificially 
whitened hairs produced by x-irradiat- 
ing pigmented skin with dosages known 
to cause permanent destruction of the 
melanocytes of the hair bulb (75), and 
indistinguishable from hair follicles 
which develop in skin experimentally 
deprived of neural-crest derivatives 
(14). These observations suggest that 
the piebald condition results either 
from a complete absence of melano- 
blasts in affected areas or from the. 
failure of melanoblasts to differentiate 
locally. Moreover, since there are so 
many loci associated with white spot- 
ting—more than 14 in the mouse alone 
—it seems reasonable to suppose that 
both these hypotheses are valid, ac- 
cording to the loci involved, and that 
either of the mechanisms may be ac- 
counted for in a number of different 
ways. For example, an absence of 
melanoblasts could be attributed (i) 
to a genetic disturbance in the neural- 
crest region specifically affecting the 
differentiation of neural-crest cells into 
melanoblasts; (ii) to a genetic effect on 
melanoblast migration, or to a general 
metabolic disturbance which occurred 
during melanoblast migration, so that 
these cells did not reach all areas of 
the epidermis; or (iii) to a failure of 
melanoblasts to survive in the “spotted 
environment.” A failure of melanoblast 
differentiation might result either from 
a genetic suppression within the mela- 
noblasts themselves or from a genetic 
effect which was expressed only in 
certain areas of the epidermis. This 
last possibility is somewhat analogous 
to the situation in the black-and-tan 
mouse, where the hair bulbs in differ- 
ent regions of the integument promote 
the synthesis of different kinds of 
melanin. 

In mice there are some genes—for 
example, W, W’, W’ (“dominant spot- 
ing”), and Mi”* (“dominant white”) 
—which, when heterozygous, produce 
white spotting but when homozygous 
produce animals which are completely 


_white except for retinal pigmentation. 


Examination of the skins of these ani- 
mals has shown them to be essentially 
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“one big spot,” since their hair fol- 
licles do not possess any demonstrable 
amelanotic melanocytes. To determine 
why these mice are nonpigmented, 
Markert and I transplanted embryonic 
tissue containing neural crest from 
animals destined to be completely white 
(that is, “one big spot”) into an en- 
vironment that is known to be favor- 
able for melanoblast differentiation and 
melanin synthesis—the anterior cham- 
ber of the eye. Our reason was this: 
if in such an environment the explants 
did produce melanocytes, the inability 
to form pigment in the homozygous 
mutant could be attributed to action of 
the environment. In no instance were 
any pigment cells ever obtained from 
these grafts (/6). These results tend 
to corroborate the hypothesis that the 
deficiency in the nonpigmented geno- 
types lies in the failure of the neural 
crest to give rise to cells capable of 
becoming melanocytes. 

While this hypothesis seems to ‘ex- 
plain the complete absence of melano- 
cytes in animals homozygous for these 
particular mutations, it is insufficient 
as an explanation of the localized, well- 
defined white-spotted areas, usually 
limited to the belly, of animals hetero- 
zygous for these same factors. Assum- 
ing that an autonomous effect within 
the melanobiasts themselves is respon- 
sible for the all-white condition of, for 
example, WW mice, and that one dose 
of W (Ww) genes interfered with the 
differentiation of some melanoblasts, 
one might anticipate that the hetero- 
zygous condition would result in a 
“silvering” pattern where pigmented, 
partially pigmented, and nonpigmented 
hairs were intermingled, rather than 
in the localized white spot which oc- 
curs. The mutation known as “splotch” 
in the mouse is pertinent here. Animals 
heterozygous for this mutation (Spsp) 
have a white belly spot and white 
extremities, while the homozygote 
(SpSp) dies in utero at approximately 
the 14th day of gestation, with ab- 
normalities occurring in regions of the 
neural tube and the neural crest and 
their derivatives. Robert Auerbach, who 
“‘udied this mutant (/7) by implant- 
ing presumptive neural crest of SpSp 
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embryos into the coelom of chick 
embryos, found that these grafts 
yielded no pigment, although corre- 
sponding grafts from heterozygotes did. 
The “splotch syndrome” is evidently 
caused by a disturbance of the region 
of the developing embryo which in- 
cludes the neural crest. It therefore 
appears that although there is little 
doubt that the primary effect of the 
Sp gene in the homozygous condition 
is on the neural crest, animals hetero- 
zygous for this factor still exhibit 
localized white spotting. 

It is obvious that white spotting 
still remains one of the most fascinat- 
ing problems for those interested in 
gene action and gene interaction. Be- 
fore leaving this subject I will mention 
just a few of the many other observa- 
tions concerned with white spotting that 
await explanation. Individual mice 
heterozygous for two loci each of which 
is involved in white spotting lack pig- 
ment in more areas than one would 
expect merely on the basis of the sum 
total of the individual effects of each 
heterogyzote. This synergistic effect 
may produce phenotypes which are al- 
most completely white. Moreover, the 
amount of white spotting is much 
greater on a black background than on 
a co-isogenic yellow background (/8). 
In the guinea pig, the tortoise-shell 
(e’e”) pattern, characterized by an ir- 
regular intermingling of yellow with 
black hairs, is greatly affected by the 
presence of spotting factors. Not only 
is there an increase in the amount of 
yellow in tortoise-shell genotypes but, 
in addition, there is a tendency toward 
segregation of yellow and black so 
that a tricolored yellow, black, and 
white phenotype results (1/9). 


Conclusions 


In order to exemplify the many 
diverse ways in which gene action can 
influence or suppress pigment produc- 
tion, I have been mainly concerned 
in this discussion with analyzing how 
a few well-studied coat-color factors 
of the mouse produce their pheno- 
typic effect. This analysis demonstrates 


that melanoblast differentiation and 
melanin synthesis proceed through an 
orderly sequence of genetically con- 
trolled steps, any one of which can 
be influenced in various ways. While 
some coat-color genes are involved in 
early steps in melanoblast differentia- 
tion (W, Mi**, Sp), melanocyte mor- 
phology (D, Ln), or the basic protein 
structure of the melanin granule (P), 
others produce their effect by control- 
ling tyrosinase synthesis (C) or the 
polymerization of melanin (A, B). Al- 
though much work still remains to be 
done in tracing the phenotypic effects 
of these specific loci even farther back, 
to the time and place of their primary 
action, these studies have already con- 
tributed much to an understanding of 
how gene action and gene interaction 
can influence a single mammalian 
character (20). 
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The Budget Process: It Changes, 
Slowly, To Meet New Needs 


The controversy over long-term fi- 
nancing of foreign aid has been domi- 
nating Congressional debates this week, 
but the general problem of how to plan 
and finance programs running over a 
period of years has also been getting at- 
tention, including the question of: plan- 
ning for research and development. The 
central problem is how the executive 
branch should plan effectively for long- 
term programs, a complicated business 
in itself, further complicated by the 
budget process, under which the execu- 
tive departments normally get appro- 
priations from Congress only for a year 
at a time. The budget process raises two 
kinds of difficulties: it tends to concen- 
trate the attention of the budget makers 
on preparing the next 1-year budget for 
submission to Congress when sound de- 
cisions on including an item in the 1- 
year budget can only be made upon 
consideration of the long-term implica- 
tions of the item, for which there is no 
place in the present budget; secondly, 
in theory at least, the difficulty is fur- 
ther complicated because, even if the 
departments have done long-term plan- 
ning, there is no guarantee that in the 
future years Congress will supply the 
money needed to fulfill the plan, even 
though the decision to spend the first 
year’s money often makes sense only on 
the assumption that the future money 
will be appropriated year by year. A 
third kind of problem also comes up, 
one which applies especially to scien- 
tific programs, which is the problem of 
fitting a program which draws on the 
resources of more than one department 
into the neatly compartmentalized fed- 
eral budget. 

The Defense Department, in response 
to the first need, has now installed a 
new system of budget preparation, 
which will be used in preparing next 
year’s budget, and the system is in- 
triguing, since in addition to requiring 
the preparation of a 5-year budget, the 
new system amounts to a back-door ap- 
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proach to the long-talked-about reor- 
ganization of the Defense Department. 
The 5-year projections will be for the 
internal use of the Defense Department; 
the budget presented to Congress will 
appear in its usual form, which cannot 
be changed without special legislation, 
although the 5-year projections will 
presumably be made available to the 
Congressional appropriations commit- 
tees. In addition to making a deter- 
mined effort to take into account the 
long-range implications of programs, 
the new budget system cuts across both 
the service divisions and the conven- 
tional budget categories (research and 
development, procurement, manpower, 
etc.). The budget will be developed out 
of estimates that group together all ex- 
penses by function: all costs, for in- 
stance, related to the nuclear deterrent 
force will be grouped together: the 
Navy’s Polaris system, then, would be 
considered in the same package with 
the Air Force Strategic Air Command, 
as would the costs of new weapons sys- 
tems, for any service, so long as it was 
part of the nuclear deterrent. Propo- 
nents of new weapons systems would 
have to supply estimates not only of 
the money needed over the years for 
research and development on the wea- 
pon, but of what it will cost to buy the 
weapon once it is developed, and what 
it will cost to maintain the weapon 
once it is bought. All of this can then 
be compared with the costs of alter- 
native proposals for strengthening the 
deterrent force and with the cost of al- 
ready existing weapons in the deterrent 
force. In a general way such over-all 
planning has always had to be done, 
but the hope is that the new system, by 
making the planning process more ex- 
plicit, will lead to wiser. decision mak- 
ing: for if all the figures are not 
brought together in a way that makes 
clear the choices that have to be made, 
the whole process becomes fuzzy and it 
is hard to put responsibility on anyone 
for making, and being prepared to de- 
fend, precise recommendations in terms 
of the over-all spending. 


The problem has a special relation to 
planning new weapons systerns, where 
the costs are small in the research 
phase, grow far greater in the develop- 
ment phase, and still greater in the pro- 
curement and maintenance phases. Be- 
cause the costs are comparatively very 
cheap in the first phase, it pays to start 
work on many more weapons than can 
possibly ever be fully developed and 
bought, and then to weed out those that 
prove less promising before they get 
into the billions of dollars phases. But 
this can only be done if there is a really 
firm will to weed out the less promising 
weapons as soon as it becomes apparent 
that they cannot compete with alterna- 
tive developments that can do a given 
job more cheaply. This is not an easy 
thing to do. Once a development pro- 
gram is begun a lobby inevitably de- 
velops inside the Pentagon, among the 
industrial contractors working on the: 
project, and in Congress, to keep the 
thing going. The pressure is always to 
keep going on whatever has been be- 
gun, which leads to the tendency not to 
begin things whose promise is unclear, 
and this in turn leads to excessive con- 
servatism in starting research programs 
unless, of course, the top officials have 
confidence that they can kill projects 
almost as easily as they can start them. 


Advantages 


The new budget system, as noted 
earlier, attempts to bring together 
clearly all the costs of a program, not 
only through development, but through 
procurement and operation, and brings 
these estimates into clear contrast with 
alternative developments. This will, it is 
hoped, not only give a clearer basis for 
making tough decisions, including de- 
cisions to kill programs, but by making 
the contrast explicit tend to force deci- 
sions which in the past it has been 
easier to shuffle out of sight. 

The second difficulty, that there is no 
guarantee that Congress will appropri- 
ate the money needed in future years to 
make the first year’s investment make 
sense, is far less of a problem than it 
sounds. As a pracfical matter Congress 
puts up the money. Everyone in Con- 
gress, for example, understands that the 
big increase in the space program for 
this year makes sense only on the as- 
sumption that money will be available 
to continue the accelerated program in 
future years, and that in voting the $1.7 
billion for this year Congress has in ef- 


‘fect fully committed itself to putting 


up, year by year, the rest of the $20 
billion or more that will be needed for 
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- the rest of the decade. Government of- 


ficials are not always happy with this 
sort of assumed, but not formally as- 
sured, continuation of support. But 
they are familiar with what is going on 
and have learned to live with it. Where 
the theoretical uncertainty becomes im- 
portant is when the government has to 
gain the confidence of people outside 
the government. With foreign aid, for 
example, it is hard to explain to foreign 
governments, not familiar with the pe- 
culiarities of the American political 
system, how the foreign government 
can with confidence undertake a long- 
term project dependent on American 
assistance, when the American negoti- 
ators have no legal authority to assure 
them that the money for future years 
will be available. In the sciences, a 
similar problem arises in, for example, 
the effort of the government to sponsor 
long-term programs in materials re- 
search in a number of universities. The 
university officials and the scientists 
who are asked to work on the projects 
tend, not too surprisingly, to be uneasy 
at the thought that their money could 
be cut off the year after next when they 
are in the middle of a long-range pro- 
gram. To meet this problem of provid- 
ing assurance the device of “no-year” 
appropriations has been gradually 
spreading, under which Congress ap- 
propriates money with a clause permit- 
ting a department to keep the money 
until it is all spent. Without the special 
clause the money would revert to the 
Treasury at the end of the fiscal year, 
and a new appropriation would have to 
be gotten. Using no-year appropriations 
the Defense Department has set up 5- 
year funds for the materials research 
programs, which give the universities 
involved assurance of a. minimum 
amount of support that will be avail- 
able. Each year a new appropriation is 
gotten, so perpetuating the 5-year fund 
and the assurance of a minimum level 
of support for 5 years in the future. 
The trend is for such devices to cir- 
cumvent the year-by-year appropriation 
procedure to grow a bit commoner 
each year. But the process is more of 
erosion of the year-by-year Congres- 
sional control than of a formal effort 
to reform the whole budget process. 
There is a wide body of opinion that is 
convinced that a general reform of the 
budget procedure is overdue, but the 
Congressional appropriations commit- 
tees are not anxious to give up the 
extra measure of power that comes with 
the ability to cut off a program in mid- 
stream. Although the power is hardly 
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ever used, the threat of its use, indeed 
the mere possibility of the threat of its 
use, gives the appropriations commit- 
tees, and especially the chairmen of 
appropriations subcommittees handling 
the various departments, a little extra 
leverage in winning Administration sup- 
port for projects they particularly sup- 
port. On more general grounds, Con- 
gress is never anxious to relax whatever 
power it has over the executive branch, 
any more than the executive branch is 
ever anxious to restrict whatever free- 
dom it has from Congressional control, 
and to this is added the feeling among 
a good many conservative members of 
Congress that the government is always 
spending too much money anyway, and 
the spending will only be higher if the 
budget process were made less awk- 
ward. The result is that the frequent 
proposals for a formal over-all reform 
of the budget process never seem to 
get anywhere, but in the face of neces- 
sity, now in one area, now in another, 
the erosion of the year-by-year control 
goes on. 


Overlapping Programs 


A different kind of budget problem 
comes up in dealing with programs 
that overlap several departments, and 
which are therefore difficult to fit into 
the neatly departmentalized budget. 
The oceanography program, for ex- 
ample, is scattered among nine major 
independent agencies and cabinet de- 
partments, and within them among 
25 or so smaller agencies and offices. 
There is no single appropriations sub- 
committee to whom the program as a 
whole can be submitted. But neither 
the Eisenhower Administration nor the 
Kennedy Administration have taken 
kindly to suggestions that the whole 
program be put under the jurisdiction 
of the National Science Foundation, 
which would present the unified pro- 
gram to a single appropriations sub- 
committee in the Senate and in the 
House, and then distribute the funds 
among the various agencies that are 
taking part in the program. This opposi- 
tion is partly on the grounds that the 
oceanography budget, now about $100 
million a year, is nearly 40 percent as 
large as the total NSF budget, and 
that the role of NSF would be un- 
balanced if it tried to digest this sum 
and- devote so much of its energies to 
the single area of oceanography. 

The executive branch has shown 
even less enthusiasm for the proposal 
of Senator Magnuson, to write into the 
law an authorization of a 10-year pro- 


gram in oceanography. Magnuson’s 
proposal also includes giving the cen- 
tral responsibility to NSF. The opposi- 
tion to the 10-year part of Magnuson’s 
proposal comes because it would write 
a specific program of research into the 
law—so much for ships, so much for 
training grants, and so on—and while 
everyone is for long-range planning, 
the Administration does not want to be 
tied down to a given course of action 
as rigidly as by writing the long-range 
plan into law. The Magnuson bill passed 
the Senate last week, as a similar bill 
did last year, but with the knowledge 
that, as last year, it will almost certainly 
die in the House. The passage of the 
bill was more of a reflection to Mag- 
nuson’s prestige among his fellow Sen- 
ators and his power as chairman of 
the Commerce committee and of the 
appropriations subcommittee that han- 
dles the space program and_ the 
NSF, than of a real determination in 
the Senate to write the 10-year pro- 
gram into law whether the Administra- 
tion likes it or not. 

The tendency of the executive 
branch, under Eisenhower, and so far 
under Kennedy, has been to avoid ask- 
ing for major reforms, but to try to 
work out more or less informal arrange- 
ments to meet a given problem. In 
oceanography, this has involved such 
things as including references to the 
importance of oceanography in several 
of the President’s major addresses and 
messages to Congress; the preparation 
of the booklet bringing together all 
the elements of the program and dis- 
tributing it to the members of the ap- 
propriations subcommittees that must 
consider various parts of the program; 
and the organization of an interdepart- 
mental committee on oceanography, 
chaired by the assistant secretary of the 
Navy for research and development 
(the Navy puts up the largest share of 
the programmed money), whose re- 
sponsibility is to work out a recom- 
mendation to the President for an over- 
all program and to see that the agencies 
involved include their share of the pro- 
gram in their budgets. The responsible 
officials seem satisfied that these modest 
steps are winning the desired support 
for the interagency program, and so 
long as such small steps seem adequate 
to do the job, they are not much tempt- 
ed to get into the sticky jurisdictional 
haggling among the executive agencies 
and among the Congressional commit- 
tees that would have to be faced if a 
general reform of the procedure were 
proposed.—H.M. 
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News Notes 


Weather Research 


President Kennedy recently cabled 
his deep sympathy to Japan for the dis- 
astrous rains that flooded parts of that 
country and caused more than 1500 
casualties, and damages officially esti- 
mated at $422 million. Typhoons as 
well as torrential rains have annually 
taken a heavy toll of lives and property 
in Japan as well as elsewhere in the 
Far East and Southeast Asia, mainly 
because scientific techniques for early 
detection and warning have not been 
developed sufficiently to permit ade- 
quate advance preparation and safe- 
guards. Many of these destructive 
storms form near the equator in areas 
practically devoid of weather informa- 
tion; and frequently the first warning of 
such a storm is after it strikes an island, 
ship, or continental shore line. Pres- 
ently Tiros III, America’s latest weath- 
er satellite, placed in orbit 50 degrees 
north and south of the equator 30 days 
ago, is providing meteorological obser- 
vations previously unavailable in these 
data-sparse regions by measuring earth- 
atmosphere energy exchanges through 
infrared sensors and by photographing 
cloud formations. 


Navy Hurricane Hunter flying above typical hurricane cloud formation. [Courtesy 


U.S. Navy] 


The rate at which various energies 
enter and leave the atmosphere may 
have a profound effect on weather, but 
the full possibilities of such data can- 
not be realized until techniques have 
been developed to fully utilize and 
evaluate them. However, observations 
have demonstrated that weather phe- 
nomena are accompanied by cloud pat- 
terns. Spiral cloud bands, for example, 
are associated with tropical cyclones; 
hurricane clouds have similar banding 
but are smaller and move faster than 
cyclone clouds, and certain storm-pro- 
ducing clouds cannot be detected by 
surface meteorological observations. 
Such cloud pictures were made avail- 
able to Japanese meteorologists from 
Tiros III in its first 17 days of opera- 
tion. They have proved so valuable that 
Kiyoo Wadachi, the chief of Japan’s 
weather bureau, is hopeful that cloud 
data to be obtained from the satellite 
when it again orbits near Japan during 
18 August to 25 September, a period 
expected to be high in typhoon activity, 
may open a new era in forecasting ty- 
phoons and storms. 

At the same time, Tiros III also will 
be providing data that will improve na- 
tional ability to forecast hurricanes 
thus demonstrating it is no burden to 
a Satellite system to satisfy national re- 
quirements as well as those of the in- 


ternational community. Previous Tiros 
pictures were made available to all na- 
tions that could benefit from them, in- 
cluding Russia. And, according to the 
U.S. Weather Bureau, any nation that 
desires can, “at minimum expense,” es- 
tablish local stations to obtain cloud 
pictures in its immediate vicinity. 
Complementing the hurricane detect- 
ing capabilities of Tiros III, the U.S. 
Weather Bureau recently announced 
that Nomad I, the first in a series of 
seven ocean-floating electronic weather 
robots, will be anchored in the Gulf of 
Mexico about 300 miles south of New 
Orleans in the area where hurricanes 
develop. The robot station, a 10- by 20- 
foot platform equipped with weather 
gear, will gather information on air and 
water temperatures, barometric pres- 
sure, wind speed and direction, and the 


direction of ocean surface currents and . 


will transmit in code made available to 
private or governmental agencies. Any- 
one with a short-wave receiver will be 
able to pick up the signals. The sea- 
going Nomad, like the airborne Tiros, 
can report data from areas that are not 
conveniently accessible by manned 
vehicles. 

From Nomad, Tiros, other future 
weather satellites, and more conven- 
tional techniques, meteorologists hope 
to be able to understand the develop- 
ment of atmospheric movements so that 
slight modification in weather may be 
possible. The aim is to be able, for ex- 
ample, to break up storms before they 
reach the severe stage, or to redirect 
rain-producing clouds over drought- 
stricken areas. But meteorologists will 
conduct such experiments with extreme 
caution, since wrong weather modifica- 
tion methods could lead to worse 
weather rather than improved condi- 
tions. 


Missile Medicine 


An instrument used in the guidance 
system of the Polaris missile has yield- 
ed new data about-the viscous charac- 
ter of blood which may lead to greater 
understanding of circulatory disorders 
and cardiovascular disease. The new 
data disproves a previously accepted 
theory that blood is a Newtonian fluid, 
one whose thickness or viscosity re- 
mains unchanged no matter how fast 
or slow it is moved. (Water is a New- 
tonian fluid. Catsup or mayonnaise: are 
non-Newtonian; rate of flow varies 
their thicknesses. ) 
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Announcements 


A group of scientists—297 chemists 
and 404  physicists—recently were 
wired for sound in connection with a 
study of scientists’ professional reading 
habits. Each participant was given a 
“random alarm mechanism,” an elec- 
tronic device the size of a package of 
cigarettes designed to emit audible 
alarms at random moments. If the 
scientist was reading a scientific period- 
ical when the alarm sounded, he filled 
out a short questionnaire indicating 
the nature of his reading matter. Re- 
sults of the 14-day study, sponsored 
by the National Science Foundation 
and conducted by Case Institute of 
Technology, show that U.S. physicists 
and chemists do not read more than 
an estimated 5 percent of the current 
professional literature published in 
their fields. (Office of Technical Serv- 
ices, Department of Commerce, Wash- 
ington 25, D.C. Order No. PB 171 
503. $2) 


The American Institute of Chemical 
Engineers is soliciting suggestions of 
research needs to become a part of a 
compilation to be made by its newly 
formed subcommittee on _ research 
needs. The subcommittee is to be a 
clearing house for research ideas in 
its field. (Frank C. Croxton, Battelle 
Memorial Institute, 505 King Ave., 
Columbus 1, Ohio) 


Copies of the printed Congressional 
hearings on applications of radioiso- 
topes and radiation in the life sciences 
and a summary-analysis of these hear- 
ings, which were held 27-30 March 
1961, have been made available by the 
Joint Committee on Atomic Energy. 
(Superintendent of Documents, U.S. 
Government Printing Office, Washing- 
ton 25, D.C.) 


A Conference on Science Manu- 
scripts has been organized to stimulate 
scientists and scientific organizations to 
take adequate steps to preserve records 
which will be useful source materials 
for future historians of science. The 
organization developed out of a meet- 
ing held in Washington last December, 
supported by the National Science 
Foundation, where a good deal of con- 
cern was expressed over the adequacy 
of current efforts in this direction. As 
a first project, the conference hopes to 
encourage the compilation and distribu- 
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tion to the scientific community of a 
guide summarizing the kind of material 
that should be preserved and ways in 
which this can be accomplished. The 
conference invites inquiries from inter- 
ested individuals and organizations. 
(Nathan Reingold, Science and Tech- 
nology Division, Library of Congress, 
Washington 25) 


A special task force has been formed 
by the Public Health Service to make 
recommendations on a program to 
eradicate syphilis as a public health 
problem in the United States. The for- 
mation of the “emergency group” was 
prompted by the report of 19,000 cases 
of infectious syphilis in fiscal year 
1961—tthe greatest number reported 
since 1950. Since 1956 there has been 
an increase of more than 130 percent 
in cases reported among individuals 
under 20. 

The results of the study, organized 
at the request of the subcommittee 
handling PHS funds, will form the 
basis of a special report to the House 
Appropriations Committee at the next 
session of Congress. 


“Highlights of Research Progress in 
Allergy and Infectious Diseases, 1960,” 
a publication issued by the U.S. Public 
Health Service, reviews 50 research 
projects conducted by PHS’s Institute 
of Allergy and Infectious Diseases or 
by other organizations to which the in- 
stitute had made research grants. (Su- 
perintendent of Documents, U.S. Gov- 
ernment Printing Office, Washington 25, 
D.C. $0.30) 


Applications are being accepted froma 
colleges and universities that wish to 
use the Oak Ridge mobile radioisotope 
laboratory during the academic year 
1961-62. The 35-foot laboratory-on- 
wheels, designed to travel to campuses 
of smaller colleges and universities, is 
used for conducting 2-week courses 
on radioisotope techniques. It is staffed 
by two Oak Ridge scientists, who act 
as course directors, and can accommo- 
date six participants at each teaching 
session. (Mobile Laboratory Program, 
Oak Ridge Institute of Nuclear Studies, 
Post Office Box 117, Oak Ridge, 
Tenn.) 


Summaries of the papers to be pre- 
sented to the United Nations conference 
on new sources of energy (Rome, 21- 
31 August), the papers themselves, 
background information on the tech- 


nical topics, or the full list of papers 
and the names and countries of partici- 
pants are available to interested parties. 
(Central News Desk, Office of Public 
Information, Room 284, United Na- 
tions, New York) [Science 133, 318 
(3 Feb. 1961)] 


The AEC will no longer routinely 
produce and distribute cobalt-60, a 
radioactive isotope used in medical re- 
search. This is in accordance with 
AEC’s general policy of discontinuing 
services and distribution of material 
when these become available from com- 
mercial sources. The isotope is now 
being produced in the test reactors at 
Westinghouse and at General Electric 
in quantities sufficient to meet ordinary 
demands. The AEC will continue to 
provide single shipments of cobalt-60 
in excess of 100,000 curies, at a cost 
of $1 per curie. 


Meeting Notes 


The second international congress 
on information processing will be held 
in Munich from 27 August to 1 Sep- 
tember 1962. (Information Processing 
Societies, 142 Great Road, Bedford, 
Mass.) 


Atom Fair-61, the annual trade fair 
of the atomic industry, will be held 
from 6 to 9 November at the Conrad 
Hilton Hotel, Chicago, in conjunction 
with the annual meetings of the Ameri- 
can Nuclear Society and the Atomic 
Industrial Forum. Special passes for 
business, scientific, industrial, and gov- 
ernment personnel are available on re- 
quest. (Atomic Industrial Forum, 850 
3rd Ave., New York 22) 


government-industry symposium 
on oceanographic instrumentation will 
be held 16 and 17 August at the De- 
partment of the Interior, Washington, 
D.C. Because of limited space, advance 
registration will be required. (Donald 
L. McKernan, Interagency Committee 
on Oceanography, Department of the 
Interior, Washington 25) 


A symposium on the experimental 
method in biology from the time of 
Antonio Vallisneri (1661-1730) to the 
present will be held at the University 
of Padua from 29 September to 1 Oc- 
tober. Members of cultural institutions 
and students of the history of biology 
and the methodology and philosophy 
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of natural and medical sciences are in- 
vited to attend. (Organizing Committee, 
the University of Padua, Via 8 Feb- 
braio, Padua, Italy) 


The newly formed American Society 
for Cell Biology will hold its first meet- 
ing 2-4 November at the Edgewater 
Beach Hotel. Chicago. Deadline for 
300-word abstracts: 15 August. [Hew- 
son Swift, Department of Zoology, 
University of Chicago, Chicago 37, 
Ill. (abstracts); M. J. Moses, Box 2982, 
Duke University School of Medicine, 
Durham, N.C. (information)] 


A biomagnetic symposium, planned 
to bring together all individuals inter- 
ested in this field, will be held 24—25 
November at the University of Illinois. 
(M. F. Barnothy, University of Illinois, 
833 S. Wood St., Chicago) 


Grants, Fellowships, and Awards 


The National Science Foundation’s 
graduate laboratory development pro- 
gram is offering grants to institutions of 
higher education to aid in modernizing, 
renovating, or expanding graduate- 
level basic research laboratories. Only 
those departments having a graduate 
training program leading to the doc- 
toral degree in science at the time the 
proposal is submitted are eligible. 
Deadline: / September. Proposals re- 
ceived after the deadline will be re- 
viewed after 1 March 1962, the next 
closing date. (Office of Institutional 
Programs, NSF, Washington 25) 


The General Thomas D. White Space 
award has been established by the Na- 
tional Geographic Society to “encour- 
age and inspire further conquests of 
space.” The award will be presented 
annually “to that military member or 
civil service employee of the Air Force 
who has made the most outstanding 
contribution to the Nation’s progress 
in aerospace.” 


Fellowships in marine planktonologi- 
cal research, to be conducted at the 
Sandy Hook Marine Laboratory, are 
being offered by Columbia’s Lamont 
Geological Observatory. The fellow- 
ships, open to qualified scientists of any 
nationality, will be limited, in general, 
to $1500 plus transportation. A re- 
search vessel is available at Sandy Hook 
for field collecting. (Director, Sandy 
Hook Laboratory, P.O. Box 428, High- 
lands, N.J.) 
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Scientists in the News 


Edward Wenk, Jr., has been named 
technical assistant to Jerome B. Wies- 
ner (Special Assistant to the President 
for Science and Technology) and ex- 
ecutive secretary of the Federal Coun- 
cil for Science and Technology. Wenk 
was formerly senior specialist in science 
and technology with the Legislative 
Reference Service of the Library of 
Congress. 


Richard Trumbull has been appointed 
head of the Psychological Sciences Di- 
vision, Office of Naval Research, suc- 
ceeding Denzel D. Smith, who resigned 
io join the staff of the National Science 
Foundation. Trumbull was formerly 
head of the division’s physiological 
psychology branch. 


James D. Hardy, recently appointed 
professor of physiology in the Yale 
University School of Medicine, has 
been named director of the John B. 
Pierce Foundation’s New Haven Labo- 
ratory. 


Graham Hoyle, of the University of 
Glasgow, and Seymour Shapiro, of 
Brookhaven National Laboratories, 
have been appointed professor and as- 
sociate professor of biology, respec- 
tively, at the University of Oregon. 


Victor F. Weisskopf has been ap- 
pointed the fourth director-general of 
the European Organization for Nuclear 
Research (CERN) in Geneva. Weiss- 
kopf, a former member of the organi- 
zation’s research directorate, succeeds 
J. B. Adams, who has been named di- 
rector of the Controlled Thermonuclear 
Research Establishment, Culham, Eng- 
land. 


Paul E. Lacy, assistant dean of the 
Washington University School of Medi- 
cine, has been named Mallinckrodt 
professor and head of the university’s 
department of pathology. : 


Dieter H. Sussdorf, research fellow 
in immunochemistry at the California 
Institute of Technology, has been 
awarded the Royal Society of Edin- 
burgh’s David Anderson-Berry prize. 


John W. Knutson, chief dental of- 
ficer with the U.S. Public Health Serv- 
ice, has been appointed professor of 
preventive dentistry at the new Univer- 
sity of California (Los Angeles) School 
of Dentistry. 


John A. D. Cooper, professor of 
biochemistry and associate. dean of 
Northwestern University Medical 
School, has been named dean of the 
University of Miami School of Medi- 
cine. 


Joln C. Hume, chief of the health 
division of the U.S. Technical Co- 
operation Mission to India, has been 
appointed professor of public health 
administration at the Johns Hopkins 
School of Hygiene and Public Health. 


Klaus L. Cappel, principal engineer 
in the Franklin Institute’s Applied 
Mechanics Laboratory, has been named 
manager of the institute’s new Aero- 
space Laboratory. 


Steven J. Taussig, a chemical engi- 
neer in Rumania until his arrival in 


the United States last year, has been, 


named technical director of Pacific 
Laboratories, Inc., Honolulu. 


Felix Morley, chairman of the trus- 
tees of the Institute for Social Science 
Research, Washington, D.C., has won 
the $15,000 1961 William Volker Dis- 
tinguished Service award. 


Arthur H. Compton, Nobel laureate, 
has retired as professor of natural phil- 
osophy at Washington University to ac- 
cept an appointment as_professor-at- 
large of the University of California. 


Recent Deaths 


J. R. B. Hutchinson, 58; consultant 
in cardiology at Arlington Hospital, 
Va., and vice president of Acacia Mu- 
tual Life Insurance Co.; 1 Aug. 

Norman Jolliffe, 60; director of the 
New York Department of Health’s bu- 
reau of nutrition since its creation in 
1949; 1 Aug. 

A. W. McCullough, 60; professor of 
anatomy at the University of Arkansas 
Medical Center; 19 July. 

Norman E. Phillips, 67; head of the 
department of zoology at the Univer- 
sity of Maryland until his retirement in 
1955; 1 Aug. 


Erratum: The Xth International Congress of 
the History of Science will be held at Cornell 
University, Ithaca, New York, from 26 August 
to 31 August 1962 and at the American Philo- 
sophical Society in Philadelphia from 31 August 
to 2 September 1962. The closing date for the 
submission of abstracts is 1 May 1962. All cor- 
respondence should be directed to the Secretary, 
Xth International Congress of the History of 
Science, Cornell University, Ithaca, New York. 
This meeting has been erroneously listed in the 
Forthcoming Events section of recent issues. 
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Peroxide, Axes, and Aspirin 


Mambu. A Melanesian millennium. 
Kenelm Burridge. Humanities Press, 
New York, 1961. xxiii + 296 pp. 
Illus. $8.50. 


During the present century the native 
peoples of Melanesia have produced 
dozens of millenarian religious move- 
ments. These Melanesian movements 
are generally called “cargo cults” by 
Europeans. Comparable religious move- 
ments have been recorded among In- 
dians of North and South America, 
among Negroes of Africa, and, indeed, 
among most of the tribal peoples of 
the earth. Historians and sociologists 
have studied similar events in the his- 
tory of the major civilizations. Recent- 
ly these movements, in both tribal and 
urban cultures, have attracted much 
attention from anthropologists, and 
there has been a small spate of theoreti- 
cal and descriptive writing on the 
subject of what are variously termed 
nativistic movements, revitalization 
movements, cargo cults, and the like, 
particularly among tribal peoples in the 
throes of acculturation to Western 
civilization. In such movements there 
is usually a revolutionary code which 
defines the existing society as evil and 
which urges action—rational or irra- 
tional, magical or realistic, religious or 
political—to bring about a better state 
of affairs. 

In the early 1950’s Burridge spent 
some time with the people of Tangu, a 
small tribal group in the Australian 
Trust Territory of New Guinea. AIl- 
though he did not observe a cargo cult 
in full flower, Burridge was able to 
learn much of the oral history of two 
such recent cults, and he was further 
able to study the climate of experience, 
belief, and emotion in which such cults 
develop. The title of this book, Mambu, 
is the name of one of the earlier proph- 
ets who led an abortive cargo move- 
ment. 
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Book Reviews 


Although the people involved in the 
narrative are few and their customs 
and beliefs exotic, or even bizarre, to 
Western eyes, the larger point which 
Burridge makes is obligatory for an 
understanding of the motive which 
brings many tribal (and _ civilized) 
peoples to participate in such move- 
ments generally. This motive is the 
desperate wish to establish an identity 
as competent and respectable human 
beings in some sort of morally equiva- 
lent relationship with a dominant 
alien people. The bulk of the book is 
devoted to analyzing the combinations 
of native culture, historical circum- 
stance, and moral pressure exerted by 
missionaries and Australian administra- 
tors which have caused the Tangu to 
see the portal to manhood as a reli- 
gious movement which anticipates a 
millennium. This millennium, with its 
cargo of hydrogen peroxide, axes, 
aspirin, rice, and so forth, is but the 
symbol of the achievement of equality 
with, and acceptance by, the “moral 
European.” 

ANTHONY F. C, WALLACE 
Department of Anthropology, 
University of Pennsylvania 


Chromatography Handbook 


Handbuch der Papierchromatographie. 
vol. 1, Grundlagen und Technik. 
1958. 860 pp. Illus. $14.60. vol. 2, 
Bibliographie und Anwendungen. 
1960. 726 pp. $11. I. M. Hais and 
K. Macek, Eds. Gustav Fischer, 
Jena, East Germany. 


The forerunner of these volumes, 
Papirova Chromatografie (I. M. Hais 
and K. -Macek Eds., Czechoslovakian 
Academy of Sciences, Prague, 1954), 
was reviewed in Science 6 years ago 
[122, 473 (1955)]; but the volumes are 
not a translation into German of the 
earlier Czechoslovakian volume, nor 


are all of the collaborators the same. 
Volume | contains the work of 22 col- 
laborators, including the editors. 

As far as I can tell, they comprise 
the most authoritative monographs on 
paper chromatography available. Their 
distinction rests not only on the breadth 
of the literature coverage, which ex- 
tends to the end of 1956, but also, and 
chiefly, on the approach. This com- 
bines, in volume 1, practical instruc- 
tions with theoretical enquiry into the 
principles which can be derived from 
practice and which should guide new 
work. In other words, the subject of 
paper chromatography is treated as a 
science, as in the previous volume, but 
now with more years of experience 
and published work to draw upon. 

Volume 1 provides a brief historical 
chapter in which are reproduced in 
color two plates from Runge’s early 
work and six examples of capillary 
analysis. This chapter includes photo- 
graphs of Consden, Gordon, Martin, 
and Synge. The second chapter deals 
with principles and theory in a clear 
and lavishly illustrated manner. Then 
follow five chapters in which every step 
of the process is described in detail, 
with discussion of the influence of 
various factors such as the nature of 
the paper, the effect of shape and po- 
sition of initial spot (or zone), and so 
on. Included also are sections on out- 
fitting a laboratory, working with radio- 
active substances, and carrying out pa- 
per chromatography on a preparative 
scale. These chapters complete the 
general part of the book: some 224 
pages, including a bibliography for 
each chapter. 

The special part of the book con- 
tains chapters into which separations 
are gathered in terms of functional 
group and molecular class: alcohols, 
carbonyl compounds, aliphatic acids, 
carbohydrates, phenols and aromatic 
acids, steroids, hydrocarbons and other 
lipophilic substances, amines, nitro- 
compounds, amino acids, peptides, 
proteins, purines and, pyrimidines, al- 
kaloids, other heterocyclic nitrogen 
compounds, organic sulfur compounds, 
vitamins, antibiotics, insecticides, syn- 
thetic pigments, and inorganic sub- 
stances. Each chapter has its own 
bibliography. 

The final part of the book continues 
an important feature of the earlier 
volume, namely a section on reagents 
(189 in number) for detecting spots, 
with recipes, and in many cases alter- 
native recipes. This is followed by a 
section of some 144 items bearing on 
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the preparation and impregnation of 
paper, the choice of solvent systems, 
converting substances to forms more 
suitable for chromatography (such as 
converting acids to hydroxamic acids), 
preparing samples for chromatography, 
and carrying out quantitative analyses. 
These two sections are detailed and 
represent a valuable compilation of 
frequently needed data. Finally, there 
are author and subject indexes (3912 
pages, each with two columns of en- 
tries). 

Volume 2, an important adjunct to 
volume 1, contains a minimum of ex- 
planatory text and 10,290 bibliographic 
entries, each with author, title or indi- 
cation of the subject dealt with, and 
reference. These are also organized 
into two main divisions: a general part 
(56 pages) and the special part which 
comprises the bulk of the volume. The 
special part is divided into chapters 
which deal with particular types of 
compounds, some of which have been 
added since volume 1 was published. 
Most of the chapters are further sub- 
divided. For example, the chapter on 
organic acids is subdivided into general 
reviews, lower fatty acids, higher fatty 
acids, aliphatic hydroxy acids, di- and 
tricarboxylic acids, keto acids, phenolic 
and other cyclic acids, glycerides and 
other esters of organic acids. Most of 
these subdivisions are further classified 
in terms of techniques and applications, 
which are themselves further sub- 
divided. This careful, logical organiza- 
tion makes the information  extra- 
ordinarily accessible down to very nar- 
row requirements. The volume con- 
cludes with a complete author index 
and an alphabetical index of substances 
that have been chromatographed. The 
references in volume 2 comprise four 
times as many substances as are re- 
ferred to in volume 1. 

Both volumes are printed on good 
paper in a clear and readable style. The 
illustrations in volume 1 are excellently 
chosen, and the authors do not avoid 
epistemological considerations where 
these are appropriate—that is, where 
such considerations help the reader to 
understand the reasoning behind the 
method. For all of these reasons the 
editors and authors are to be congratu- 
lated on providing paper chromatog- 
raphers, from beginners to experts, 
with a first-rate text and reference 
work. I recommend the two volumes 
most highly. 

Harotp G. Cassipy 
Department of Chemistry, 
Yale University 
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Quantitative Science 


Experimental Immunochemistry. Elvin 
A. Kabat. With chapters by Manfred 
M. Mayer. Thomas, Springfield, Ill., 
ed. 2, 1961. xii +905 pp. Illus. 
$26.50. 


For those familiar with the 1948 edi- 
tion of Kabat and Mayer, the publica- 
tion of Kabat’s new edition is an impor- 
tant event. Michael Heidelberger in the 
preview (an introduction) to the first 
edition predicted that Experimental Im- 
munochemistry would be “more likely 
to gather acid spots and indicator stains 
on the laboratory table than to accumu- 
late dust on the reference shelf,” and I 
am prepared to produce the shreds of 
my second copy as the fulfillment of 
Heidelberger’s prophesy. 

Immunochemists and their forebears, 
immunologists, recognize that immuno- 
chemistry became a discipline in its own 
right through the brilliant and precise 
efforts of small groups of chemists and 
biologists to render quantitative an 
otherwise empirical science. The dis- 
cipline, however, has evolved during the 
past decade into a bureaucracy, which 
even an author possessed of the breadth 
and clarity of Kabat finds impossible to 
treat fully in more than twice the linage 
of the first edition (900 two-column 
pages versus 550 single-column pages). 
Consequently, the author felt justified in 
omitting discussions of some newer off- 
shoots of immunology, such as immu- 
nohistology and immunohematology, 
possibly because they do not as yet lend 
themselves to analysis by many of the 
precise quantitative methods with which 
the book is primarily concerned. 

The original format has been pre- 
served. There are four parts dealing with 
basic methodology and theory, applica- 
tions, chemical and physical methods, 
and preparations. Several new chapters 
have been added to provide introduc- 
tions to interim developments such as 
chromatography and measurements of 
radioactivity. Many chapters are greatly 
enlarged. The section on complement 
and complement fixation, by Mayer, is 
nearly three times more copious; it has 
new illustrations and tables. An excel- 
lent treatment of electrophoretic meth- 
ods now includes discussions on the ap- 
plications and limitations of various 
zone-electrophoresis techniques, includ- 
ing immunoelectrophoresis. 

Gei-diffusion methods are now recog- 


nized among the most powerful tools . 


available for analysis of complex anti- 
gen-antibody systems. They are treated 


extensively, but more from the theoreti- 
cal than technical aspect. For the pur- 
poses of this book such a presentation 
is proper since the power and wide 
application of most techniques derive 
as much from their versatility as from 
their inherent physical or chemical 
qualifications. Because they are versa- 
tile, gel-diffusion methods have been 
modified in many ways by individual in- 
vestigators to suit their particular 
problems. 

The author’s discretion in such mat- 
ters demonstrates considerable insight 
into the basic questions which investiga- 
tors pose for reference handbooks—for 
example: How can our results best be 
interpreted? Wherever appropriate, 
Kabat has provided theoretical and prac- 
tical guideposts and danger signals in the 
application of physical and chemical 
methods to immunochemistry and in the 
use of immunochemical tools in ap- 
proaches to biological or biochemical 
problems. In this respect Experimental 
Immunochemistry is not only an immu- 
nochemist’s volume. It is a major con- 
tribution toward the advancement of the 
biochemistry of macromolecules, and it 
is to be highly recommended to all 
chemists and biologists whose fields are 
beginning to feel the impact of practical 
and theoretical immunochemistry. 

Curtis A. WILLIAMS, JR. 
Rockefeller Institute, 
New York, New York 


Chloroplast 


The Life of the Green Plant. Arthur W. 
Galston. Prentice-Hall, Englewood 
Cliffs, N.J., 1961. 116 pp. Illus. 
$2.95. 


This concise, up-to-date summary of 
the fundamentals of plant physiology is 
chiefly designed for use in introductory 
courses in biology, but it should also 
be an ideal complement to more com- 
prehensive texts used for beginning 
courses in plant physiology. 

The sequence of topics is essentially 
the same as that in the larger text, 
Principles of Plant Physiology, by Gal- 
ston and James Bonner. The most no- 
ticeable changes in content are the 
omission of the details of intermediary 
metabolism (which is to be expected, 
considering the audience for which this 
“Foundations of Modern Biology Series” 
is designed), the addition of a chapter 
on the green plant cell, and the em- 
phasis on plant growth, differentiation, 
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and morphogenesis (comprising almost 
half the book). As those who have 
used the Principles will expect, the work 
is lucidly written and well organized. 
Illustrations are of high quality and in 
good taste. 

I have only minor criticisms: for ex- 
ample, on page 37 it is not at all clear 
why it follows from the action spec- 
trum of photosynthesis that carotenoids 
must be involved in the process, and on 
page 79 possibly too much emphasis is 
placed on the survival value of bud 
dormancy. In such a condensation very 
few of those persons associated with the 
major advances in a field can be men- 
tioned; in this case it would have been 
wise to omit names entirely. 

I suspect many students will consider 
careers in experimental botany as a re- 
sult of using this volume. 

MEYER CHESSIN 
Department of Botany, 
Montana State University, Missoula 


The Chemistry of Lignin. Supplement 
volume. Covering the literature for 
the years 1949-1958. Fredrich Emil 
Brauns and Dorothy Alexandra 
Brauns. Academic Press, New York, 
1960. x + 804 pp. Illus. $18. 


Some idea of the effort expended 
on lignin research during the decade 
covered can be gained by noting that 
the size of this volume is almost identi- 
cal to that of the first, which dealt with 
the entire earlier period beginning with 
the discovery of lignin in the 1830's. 
Workers in the lignin field who have 
long since abandoned attempts to keep 
abreast of the flood of pertinent litera- 
ture will find the appearance of this 
supplement most welcome. 

Although readers expecting to en- 
counter progress in proportion to the 
volume of research may well be disil- 
lusioned, some will consider ex- 
cessively pessimistic the authors’ view 
that little progress has been made to- 
ward the elucidation of the structure of 
lignin. Recent evidence, much of which 
is admittedly indirect, has at least per- 
mitted presentation of a plausible dia- 
gram representing the main types of 
lignin “building stones” and the linkages 
between them. Such a concept seems 
to be gaining increasing acceptance, 
and this is a welcome change from the 
multitude of often-conflicting theories 
extant in 1952. 
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In other areas of lignin research, 
notably the problem of the lignin-car- 
bohydrate bond (discussed here by 
J. W. T. Merewether) and the lignifica- 
tion process, very significant advances 
are reported. In recognition of this, for 
example, the chapter formerly entitled 
“Theories on the formation of lignin” 
now appears as “The biosynthesis of 
lignin.” 

Otherwise the plans of the volumes 
are virtually identical, although there 
have been considerable shifts of em- 
phasis. The entire spectrum of lignin 
research has been scanned with such 
thoroughness and attention to detail 
that for many purposes reference to 
the original literature will be unneces- 
sary. Especially gratifying in this re- 
spect are the frequent reproductions of 
tables, figures, and experimental pro- 
cedures from Japanese, Soviet, and 
other journals not always readily ac- 
cessible to American readers. As be- 
fore, Brauns writes critically, exhibiting 
a profound knowledge of his subject, 
and he maintains a disinterested view- 
point even in areas where vigorous 
controversy has sometimes been in 
evidence. 

The present volume, with its pred- 
ecessor, can be regarded justifiably as 
the standard treatise on lignin in the 
English language, and it merits a place 
in the library of anyone seriously in- 
terested in the field. 

STEWART A. BROWN 
National Research Council of Canada, 
Saskatoon, Saskatchewan 


Fatal Genes 


Developmental Genetics and Lethal 
Factors. Ernst Hadorn. Translated by 
Ursula Mittwoch. Methuen, London; 
Wiley, New York, 1961. xviii + 355 
pp. Illus. $8.50. 


Biologists can only be grateful for an 
English version of this most valuable 
monograph on lethal factors, although 
one may wish that the time interval be- 
tween the appearance of the original 
German edition (1955) and the appear- 
ance of the English translation (1961) 
had been shorter. 

Lethals are defined as “Mendelian 
units which cause the death of an 
organism prior to the reproductive 
stage.” They arise by mutation, prob- 
ably in all organisms from virus to man. 
Since Ernst Hadorn has contributed 
perhaps more than any other person ito 


their study, a painstaking and critical 
review from his pen of the now very 
extensive pertinent literature (the bibli- 
ography alone covers 32 pages) is very 
useful. Investigations made with lethals 
in Drosophila, mouse, and poultry are 
considered most fully, but other organ- 
isms, including plants and microorgan- 
isms, are by no means overlooked. Nor 
are human lethals neglected, although, 
of necessity, the coverage is here least 
comprehensive. A book as large as the 
present one would be needed to deal 
with lethal and semilethal hereditary 
diseases and malformations in man 
alone. 

The bearing of the studies of lethal 
factors on the problems of develop- 
mental genetics is, as indicated by the 
title of the book, in the center of the 
author’s attention. Brief descriptions of 
the occurrence of lethals in natural 
populations, of their economic im- 
portance, and of the possibilities of 
therapy’s causing the otherwise lethal 
genotypes to produce viable individuals 
are nevertheless included. All in all, 
this is an indispensable book in any 
biological library. 

THEODOsIUS DOBZHANSKY 
Department of Zoology, 
Columbia University 


Using Groups in Physics 


The Application of Group Theory in 
Physics. G. Ya. Lyubarskii. Trans- 
lated from the Russian by Stevan 
Dedijer. Pergamon, New York, 1960. 
ix + 380 pp. $10. 


This English translation of a Russian 
work by G. Ya. Lyubarskii is a read- 
able and quite complete discussion of 
the major applications that group 
theory finds in theoretical physics. The 
applications are discussed in sufficient 
detail to supply an interested reader 
with a working knowledge of the sub- 
ject matter. 

The book is very much slanted 
toward applications, and the early chap- 
ters, which discuss the general proper- 
ties of groups and their representations, 
are quite sketchy. Complete descrip- 
tions of the properties and representa- 
tions of groups of physical interest ap- 
pear in the later chapters. Included in 
these discussions are the point groups, 
permutation groups, and space groups. 
Two entire chapters are devoted to the 
rotation groups in two and three dimen- 
sions, and another to the properties and 
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representations of the Lorentz group. 
Character tables are supplied for the 
permutation group (up to S;) as well 
as for the point groups. Included, as 
well, are abbreviated descriptions of all 
of the 230 crystallographic space 
groups. 

When it comes to the applications 
of these groups to specific physical 
problems, the book seems at its very 
best. There are chapters discussing the 
application to normal modes of vibra- 
tion, to electron energy levels in crys- 
tals, to equations invariant under the 
Euclidean group of motions and those 
invariant under the Lorentz group, to 
second order phase transitions, and to 
nuclear reactions, among others. 

The book is suitable for a graduate- 
level course, and to this end, problems 
are provided to illustrate the subject 
matter. This course would have to fol- 
low a course in quantum mechanics, 
since the author assumes a knowledge 
of quantum mechanics throughout. 

G. F. Koster 
Department of Physics, 
Massachusetts Institute of Technology 


New Books 


Biological and Medical Sciences 


Advances in Morphogenesis. vol. 1. M. 
Abercrombie and Jean Brachett, Eds. Aca- 
demic Press, New York, 1961. 458 pp. 
Illus. $12.50. 

Advances in Thyroid Research. Trans- 
actions of the Fourth International Goitre 
Conference. Rosalind Pitt-Rivers, Ed. Per- 
gamon, New York, 1961. 550 pp. Illus. 
$20. 

Annual Review of Plant Physiology. 
vol. 12. Leonard Machlis and Winslow R. 
Briggs, Eds. Annual Reviews, Palo Alto, 
Calif., 1961. 509 pp. Illus. + plates. $7. 

Antibiotica et Chemotherapia. vol. 9. 
O. Gsell and R. L. Mayer, Eds. Karger, 
New York, 1961. 188 pp. Illus. $11. 

Asphalts and Allied Substances. Their 
occurrence, modes of production, uses in 
the arts, and methods of testing. vol. 2, 
Industrial Raw Materials. Herbert Abra- 
ham. Van Nostrand, Princeton, N.J., ed. 6, 
1961. 351 pp. Illus. $10.75. 

Atlas of Human Anatomy. Franz Frohse, 
Max Brodel, and Leon Schlossberg. Barnes 
and Noble, New York, ed. 6, 1961. 190 
pp. Illus. $2.95. 

Basic Physiology. Fred E. D’Amour. 
Univ. of Chicago Press, Chicago, IIl., 1961. 
664 pp. Illus. $7.95. 

A Biology of Crustacea. James Green. 
Quadrangle Books, Chicago, 1961. 195 
pp. Illus. $5.75, 

Bird Study. Andrew J. Berger. Wiley, 
New York, 1961. 400 pp. Illus. $9. 

Cell Heredity. Ruth Sager and Francis 
J. Ryan. Wiley, New York, 1961. 422 pp. 
Illus. $7.50. 
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Cell Mechanisms in Hormone Produc- 
tion and Action. Memoir of the Society 
for Endocrinology, No. 11. P. C. Williams 
and C. R. Austin. Cambridge. Univ. Press, 
New York, 1961. 183 pp. Illus. + plates. 
$7.50. Proceedings of a symposium held 
3—4 May 1960. 

Comparative Physiology of Carbohy- 
drate Metabolism in Heterothermic Ani- 
mals. Arthur W. Martin, Ed. Univ. of 
Washington Press, Seattle, 1961. 151 pp. 
Illus. + plates. Paper, $3.50; cloth, $4.50. 

Dynamics of Even-Aged Forest Stands. 
M. S. Czarnowski. Louisiana State Univ. 
ae Baton Rouge, 1961. 145 pp. Illus. 

De 


Mathematics, Physical Sciences, 
and Engineering 


Atomic Energy Waste. Its nature, use, 
and disposal. E. Glueckauf, Ed. Inter- 
science, New York; Butterworths, Lon- 
don, 1961. 431 pp. Illus. $14. 

The Book on Games of Chance (Liber 
de Ludo Aleae). Gerolamo Cardano. 
Translated by Sydney H. Gould. Holt, 
Rinehart, and Winston, New York, 1961. 
62 pp. Illus. $1.50. Reprinted from Car- 
dano: The Gambling Scholar (Princeton 
Univ. Press, 1953). 

Dynamic Analysis of Machines. Joseph 
E. Shigley. McGraw-Hill, New York, 
1961. 314 pp. Illus. $7.50. Companion 
volume to Shigley’s Analysis of Mecha- 
nisms, 1959. 

Evaluation in Mathematics. Twenty- 
sixth yearbook. National Council of 
Teachers of Mathematics, Washington, 
D.C., 1961. 222 pp. Illus. $3. 

Fundamentals of Modern Physics. Rob- 
ert Martin Wisberg. Wiley, New York, 
1961. 742 pp. Illus. $10.50. 

Gases at High Densities and Tempera- 
tures. Yu. N. Ryabinin. Translated by H. 
K. Zienkiewicz. Pergamon, London, 1961. 
60 pp. Illus. $4.50. 

General Relativity and Gravitational 
Waves. J. Weber. Interscience, New York, 
1961. 207 pp. Illus. Paper, $2.50; cloth, 
$4.50. 

Heat Transfer. Benjamin Gebhart. Mc- 
Graw-Hill, New York, 1961. 464 pp. Illus. 
$10.75. 

An Introduction to the Principles of 
Communication Theory. John C. Han- 
cock. McGraw-Hill, New York, 1961. 
263 pp. Illus. $9.50. 

Mechanical Engineering Experimenta- 
tion. G. L. Tuve. McGraw-Hill, New 
York, 1961. 524 pp. Illus. $8. 

Nuclear Reactor Theory. Garrett Birk- 
hoff and Eugene P. Wigner, Eds. Ameri- 
can Mathematical Soc., Providence, R.I., 
1961. 344 pp, Illus. Proceedings of the 
society’s 11th symposium in applied math- 
ematics. 

Partial Differential Equations and Con- 
tinuum Mechanics. Rudolph E. Langer. 
Univ. of Wisconsin Press, Madison, 1961. 
412 pp. Illus. $5. Proceedings of an inter- 
national conference conducted by the 
Mathematics Research Center at the Uni- 
versity of Wisconsin, 7-15 June 1960. 

Polymeric Materials. Charles C. Wind- 
ing and Gordon D. Hiatt. McGraw-Hill, 
New York, 1961. 416 pp. Illus. $12. 

Powder Metallurgy. Werner Leszynski, 
Ed. Interscience, New York, 1961. 862 


pp. Illus. $25. Proceedings of an interna. 
tional conference held 13-17 June 1960, 
sponsored by the Metallurgical Society 
and the American Institute of Mining, 
Metallurgical, and Petroleum Engineers, 

Principes de Radiocristallographie. Iden. 
tification des corps de déterminations de 
leur structure par la diffraction des rayons 
X. Jean Barraud. Masson, Paris, 1960. 236 
pp. Illus. NF. 42. 

Problems in Quantum Mechanics. I. |, 
Gol’dman, V. D. Krivchenkov, V. I. Ko- 
gan, and V. M. Galitskii. Translated and 
edited by D. ter Haar. Academic Press, 
New York, 1961. 394 pp. Illus. $12. Con. 
tains all the problems from the Gol’dman- 
Krivchenkov text, as well as a selection 
from the Kogan-Galitskii volume. 

Radioactive Substances. Marie Curie, 
Philosophical Library, New York, 1961. 
94 pp. Illus. $2.75. A translation of the 
thesis presented to the Faculty of Science 
(Paris) by Marie Curie. 

Semiconductor Devices and Applica. 
tions. R. A. Greiner. McGraw-Hill, New 
York, 1961. 507 pp. Illus. $12.50. __ 

Space Astrophysics. William Liller, Ed. 
McGraw-Hill, New York, 1961. 280 pp. 
Illus. $10. Fifteen lectures delivered at 
the University of Michigan, 1959-60. 

Theory of Machines. pt. 1, Kinematic 
Analysis of Mechanism; pt. 2, Dynamic 
Analysis of Machines. Joseph Edward 
Shigley. McGraw-Hill, New York, 1961. 
671 pp. Illus. $11.50. 

Theory of Microwave Valves. S. D. 
Gvozdover. R. C. Glass, Ed. Translated 
from the Russian by Walter P. A. Hass. 
Pergamon, New York, 1961. 499 pp. 
$12.50. 

Thermodynamics. With quantum statis- 
tical illustrations. P. T. Landsberg. Inter- 
science, New York, 1961. 509 pp. Iilus. 
$14.50. 

Time-Harmonic Electromagnetic Fields. 
Roger F. Harrington. McGraw-Hill, 
New York, 1961. 491 pp. Illus. $13.50. 

Transistor Logic Circuits. Richard B. 
Hurley. Wiley, New York, 1961. 379 pp. 
Illus. $10. 

Treatise on Analytical Chemistry. vol. 
1, pt. 2, Analytical Chemistry of the Ele- 
ments. I. M. Kolthoff and Philip J. Elving, 
Eds. Interscience, New York, 1961. 492 
pp. Illus. 

Turbulence. Classic papers on statisti- 
cal theory. S. K. Friedlander and Leon- 
ard Topper, Eds. Interscience, New York, 
1961. 196 pp. Illus. $6. Twelve papers 
reprinted from various sources, all pub- 
lished prior to 1950. 

The Use of Organic Reagents in Inor- 
ganic Analysis. A. I. Busev and N. G. 
Polianskii. Translated from the Russian 
by J. T..Greaves. Pergamon, New York, 
1960. 83 pp. $3.50. 

Vertebrate Biology. Robert T. Orr. 
Saunders, Philadelphia, Pa., 1961. 410 pp. 
Illus. 

Vorlesungen Ueber Funktionalgleichun- 
gen und Ihre Anwendungen. J. Aczel. 
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Fatigue in Phasic and Tonic 
Fibers of Frog Muscle 


Abstract. Single isolated phasic muscle 
fibers and small bundles of tonic fibers 
were directly stimulated in one-per-second 
twitch series by massive electrode shocks. 
During the stimulation period the isomet- 
tic tension developed by the phasic fiber 
continuously decreased, first rapidly and 
then slowly. The tonic fibers behaved 
similarly, but showed much less fatigue 
than the phasic ones. In general, recovery 
of the fibers after cessation of stimulation 
also occurred in two phases. 


It is known that striated muscle, when 
stimulated directly at frequent intervals, 
will fatigue (7). It has also been shown 
that single muscle fibers under direct 
stimulation will show a gradual decline 
of tension similar to fatigue of whole 
muscle (2). However, there is some con- 
troversy regarding this latter finding; 
Ramsey (3) states that gradual falling 
off of tension with continual stimulation 
of a single isolated fiber is due to injury, 
and that uninjured fibers will not show 
this gradual decline of tension with con- 
tinual stimulation. Consequently, our 
work was undertaken to determine pre- 
cisely the mechanical changes which 
take place in single phasic muscle fibers 
stimulated at frequent intervals, and also 
to compare the changes with those of 
similarly treated tonic muscle fibers. 
Since the underlying cause of fatigue is 
still unknown, these and future experi- 
ments will attempt to shed some light on 
this phenomenon. 

Both single phasic fibers and small 
bundles (10 fibers or less) of tonic fibers 
were isolated from the semitendinosus 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
teader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
tibbon copy and one carbon copy. 

Limit the report proper to~the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. ‘ 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


muscle of Rana pipiens. The fibers were 
mounted horizontally by their tendons 
in a Lucite dish containing 60 ml of 
phosphate-buffered Ringer’s solution 
with 0.2 percent d-tubocurarine. During 
an experiment oxygen was bubbled 
through this solution, and this served not 
only to oxygenate the tissue, but also to 
stir the medium constantly. All experi- 
ments were performed at 10°C. The de- 
veloped isometric tensions were meas- 
ured with a special low-drift myograph 
consisting of a combination of two 
RCA 5734 transducer tubes (4), and 
were recorded photographically from an 
oscilloscope. The fibers were mounted 
between two parallel platinum-plate 
electrodes so that the entire length of 
each fiber could be stimulated instanta- 
neously. For these experiments, the fi- 
bers were maintained at rest length and 
stimulated once per second with slightly 
super-threshold square-wave shocks of 
0.3 msec duration. 

In all cases reported here the isolated 
fibers after 60 min of equilibration fol- 
lowing dissection could be stretched and 


could develop tetanic tensions reversibly, . 


and were thus considered uninjured. 
The phasic fibers had a diameter of 72 
to 93 » and developed isometric tensions 
of 0.9 to 1.2 kg/cm? (thus about 50 mg 
per fiber) before fatigue. The tonic fi- 
bers, being much thinner (about 25 » in 
diameter), could not be individually iso- 
lated, and so we used small bundles 
which developed tensions of 50 to 125 
mg. For this report, no attempt was 
made to determine the intrinsic tension 
output of the individual tonic fiber. 

It was found for single phasic fibers 
that as twitches were evoked at the rate 
of one per second the developed tension 
continuously decreased in two phases. 
As shown for a typical experiment in 
Fig. 1, there was first a relatively rapid 
drop of 60 percent within 4 min, fol- 
lowed by a much slower decay which 
continued until there was no response. 
No staircase variations were observed, 
and the initial tension of the fiber re- 
mained constant throughout the stimu- 
lation. The recovery of the twitch out- 


put after the stimulus was removed oc- 
curred in two phases, a rapid restoration 
of 30 percent in 15 sec, followed by a 
slow recovery which approached the ini- 
tial amplitude within 60 min. 

The rise time of the twitch for phasic 
fibers, measured from the onset of ten- 
sion to peak, increased during the 
fatigue process. For the experiment rep- 
resented in Fig. 1, the rise time grad- 
ually doubled during the first 8 min of 
stimulation, going from about 55 to 110 
msec, and then remained fairly constant. 
However, the relaxation time of the 
fibers, measured from peak to one-half 
of the developed tension, showed a very 
rapid and large increase in duration. As 
shown in Fig. 1, the relaxation time was 
doubled after 3 min of stimulation and 
continued to rise to four times the initial 
value after 9 min. As with the ampli- 
tude changes, the recovery of the re- 
laxation time occurred in two phases, 
a rapid one followed by a slow recovery 
to the initial time. The recovery of the 
rise time did not show any rapid phase, 
but slowly approached the initial time. 

The tonic muscle fibers presented a 
rather different behavior. During stimu- 
lation at the rate of one per second, the 
decrease in the twitch amplitude, though 
developing in two somewhat distinct 
phases, was at all times very much 
smaller than that of the phasic fibers. 


% OF INITIAL RESPONSE 


TIME-MINUTES 


Fig. 1. Typical fatigue and recovery ef- 
fects associated with a one-per-second 
twitch activity series of a single phasic 
fiber of 93-1 diameter (solid lines) and 
of a bundle of tonic fibers (dashed lines). 
Curves a and a’ indicate changes of twitch 
amplitude; b and 5b’, rise time of twitch; 
and c and c’,, relaxation time. The per- 
centage changes are plotted relative to the 
response of the preparation just prior to 
the start of stimulation. The arrows mark 
the termination of activity and the begin- 
ning of recovery. (In cases where the fa- 
tigue of phasic fibers was followed in time 
beyond that shown here, the twitch grad- 
ually declined to zero.) 
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In a typical experiment as given in Fig. 
1, after 4 min the twitch amplitude 
had dropped about 15 percent, and after 
60 min it had declined only about 35 
percent. After cessation of stimulation, 
the response increased 15 percent in 2 
min and approached the initial ampli- 
tude at a slower rate. Both the rise and 
relaxation time remained fairly constant 
during the stimulation period, except 
for a change during the first few 
minutes; for the case shown in Fig. 1, 
the rise time decreased 15 percent dur- 
ing the first 2 min of stimulation, while 
the relaxation time increased 25 percent 
during the first 6 min of stimulation. 

After each experiment, a potassium 
contracture (with 0.1M KCl) was 
recorded to check whether the fibers 
were phasic or tonic. Phasic fibers gave 
the usual contractures which relaxed 
after a minute or so, whereas the con- 
tracture of tonic fibers declined slowly 
over a period of many minutes. 

Our finding that tonic fibers fatigue 
much more slowly than phasic ones con- 
firms on the single muscle-cell level the 
previously made conclusion for such 
units derived from studies of the relative 
fatigability of corresponding whole 
muscles (5). Further research is re- 
quired to determine whether there is 
any relation between this difference in 
fatigability and other fundamental 
properties distinguishing phasic and 
tonic fibers (6). The decrease in twitch 
output of a phasic muscle fiber occurs 
along a smooth curve until it finally 
fails completely to respond. Thus these 
fatigue changes and the corresponding 
ones we have observed in the tonic fibers 
are quite unlike the sudden total obliter- 
ation of response which Ramsey (3) de- 
scribes, and which we also have seen, 
in a single fiber undergoing a tetanus 
of rather high frequency. Considering 
that the fatigue and recovery processes 
of the fibers occur, in general, in two 
steps, it would seem that fatigue may 
be attributed to two separate factors. 
The first may be due to changes in the 
excitation mechanism or in the excita- 
tion-contraction coupling, the second to 
changes at the level of the contractile 
mechanism. In elaboration of the results 
reported here, our future studies will 
deal with the effects of activity on the 
membrane process and with the role 
of individual fiber behavior in the de- 
velopment of fatigue of the whole 
muscle (7). 

ARTHUR EBERSTEIN 
ALEXANDER SANDOW 
Institute for Muscle Disease, 
New York, New York 


384 


References and Notes 


1. W. M. Fletcher, J. Physiol. London 28, 474 
(1902); G. Marechal and X. Aubert, J. physiol. 
Paris, 50, 404 (1958). 

2. E. Asmussen, Skand. Arch. Physiol. 70, 233 
(1934); S. E. Steiman, Am. J. Physiol. 140, 
269 (1943). 

3. R. W. Ramsey, Conference on Neuromuscular 
Blocking Action of Anti-Cholinestrase Com- 
pounds, Chemical Corps Medical Laboratories 

Report No. 27, 10 (1953). 

. S. M. Ross, Rev. Sci. Instr. 29, 319 (1958). 

. K. Wacholder, Arch. ges. Physiol. Pfluger’s 

229, 133 (1931). 

S. W. Kuffler and E. M. Vaughan Williams, 

J. Physiol. London 121, 318 (1953). 

. This research was supported by a grant from 
the Muscular Dystrophy Associations of Amer- 
ica, Inc. 


29 March 1961 


Isolation of Abscisin, an 
Abscission Accelerating Substance 


Abstract. A crystalline substance, desig- 
nated abscisin, which accelerates abscission 
of excised debladed petioles at 10-* micro- 
gram per abscission zone, has been iso- 
lated from cotton burs. The yield was 
approximately 1 milligram from 10 kilo- 
grams of dry plant material. 


The presence in plants of a sub- 
stance (or substances) which accel- 
erates abscission has been reported by 
several investigators. Osborne (/) 
found that the diffusates from senes- 
cent petioles of several piants acceler- 
ated abscission. Biggs and Leopold (2) 
discovered a factor from _ senescent 
leaves and fruits which accelerated 
abscission of debladed petioles. Her- 
rero and Hall (3) found that extracts 
of pulvinoids from abscising leaves of 
cotton accelerate leaf abscission. Carns 
(4) and Carns et al. (5) reported 
that extracts of young cotton fruit 
walls accelerated abscission of de- 
bladed leaves and of young fruits. 
These findings, together with other 
evidence, led Addicott (6) to sug- 
gest that the substance(s) represents 
a new type of plant hormone, one that 
accelerates abscission. This report an- 
nounces the isolation and preliminary 
characterization of such a substance 
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from cotton burs (dried, mature frui 
walls after dehiscence and removal of 
seed and fiber). 

The bioassay used to evaluate ab. 
scission-accelerating activity during the 
investigation was a modification of the 
explant test employed by Addicot 
et al. (7). Explants were cut from 
cotton seedlings when they were 18 to 
20 days old. They consisted of 5-mm, 
stumps of the cotyledonary petioles, 
5 mm of the stem, and 10 mm of th 
hypocotyl. Test substances were ap. 
plied in 1-percent agar as 0.005-mi 
droplets. Explants were held uprigh| 
in stainless steel holders in petri dishes 
containing a layer of about 5 mm of 
1.5-percent agar. Abscission was deter- 
mined by the application of a uniform 
load of 10 g to the petiole stumps. 

Approximately 134,000 ground cot 
ton burs (364 kg) were extracted for 
6 hr in batches with a total of 1725 
liters of Skelly-solve B  (petroleu 
ether, boiling point 60° to 75°C). The 
extract was concentrated to 9 liters in 
a falling-film concentrator. A  3-lite 
aliquot of this concentrate was ex- 
tracted twice with 4.5 liters of 
water-methanol (1:4) solvent, and th 
top lipid-rich layer was discarded. The 
methanol extract was taken to dryne 
and then exhaustively extracted wit 
5-percent sodium bicarbonate and fil 
tered off, and the filtrate evaporate 
to dryness under reduced pressure. 
Subsequent extraction of the dried 
residue with anhydrous acetone yielded 
10 g of an acetone-soluble solid whic 
accelerated abscission in the explant 
bioassay at 5 pg per abscission zone. 

A sample of 5.7 g of the active solid 
was subjected to partition chromatog: 
raphy on a silicic acid column (6 X 25 
cm) that had been treated with sodium 
bicarbonate; water was used as the 
stationary phase (7 g of water per 10 
g of adsorbent), and chloroform fol- 
lowed by n-butyl alcohol was used as 
the mobile phase (8). The butanol 
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Fig. 1. Infrared spectrum of abscisin. 
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fraction contained 1.5 g of solid which 
accounted for most of the abscission- 
accelerating activity in the sample. A 
quantity of 0.8 g of this material was 
rechromatographed on a similar col- 
umn (3.5 X 20 cm), chloroform being 
used as the eluting solvent. A numiber 
of visible bands separated on the col- 
umn, characterized in the order of dark- 
brown, yellow, yellow, yellow, and red. 
The third band was found to be highly 
active, and from it abscisin was in- 
duced to crystallize as diagonal prisms 
from ethyl acetate. The crystalline sub- 
stance accelerated abscission in the 
cotton explant test at a quantity 
as low as 10 “ug per abscission zone. 
In a typical experiment, for example, 
when abscission was determined 64 
hr after the application of abscisin, the 
controls had 40 percent abscised while 
the explants with abscisin at 10°, 
10°, and 1 yg per abscission zone had 
52, 60, and 82 percent abscised, re- 
spectively. 
The compound was crystallized to 
a constant melting point of 197° to 
198°C, with a yield of 3 mg. Abscisin 
is an acidic compound soluble in 
chloroform and dilute sodium hydrox- 
ide, slightly soluble in ether but in- 
soluble in dilute hydrochloric acid. It 
contains 67.93 percent of carbon and 
6.26 percent of hydrogen. Its ultra- 
violet absorption maximum in methanol 
is at 250 my, and its infrared spectrum 
in KBr pellets is shown in Fig. 1 (9). 
WEN-CHIH Liu* 
Harry R. Carnsj 
Departments of Botany and Chemistry, 
University of California, Los Angeles, 
and Crops Research Division, 
U.S. Department of Agriculture 
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Effect of Major Meteoric 
Showers on the Densities 
of the Upper Atmosphere 


According to the recent results ob- 
tained by satellite measurements, re- 
ported by Lagow and Alexander (/), 
Dubin (2), and Nazarova (3), the 
amount of meteoric dust entering the 
earth’s atmosphere is quite significant. 
From their data we have found that 
during a major meteor shower the 
energy injected by these particles into 
the atmosphere is sufficient to raise 
the temperature at 110 km by at least 
5°K. This rise in temperature should 
produce an increase in density at the 
higher levels by 5 to 10 percent. A 
preliminary analysis of the density 
data obtained by drag measurements 
on the satellites at 300 and 600 km 
indicated a small rise in density on the 
day of a major meteoric shower. 

Our calculations are based on data 
which indicate that the daily accretion 
rate of the interplanetary dust is of the 
order of 10° g. This implies a rate of 
approximately 2.10 g cm” sec”. If 
the mean velocity of these particles is 
assumed to be 30 km/sec, the energy 
brought in is found to be approximately 
erg cm™ sec”. 

During a major meteoric “shower” 
the rate of influx of particles increases 
by a factor of 10 to 100, although 
Nazarova (3) reported an increase by 
a factor of 10* on 15 May 1958, 
which was attributed to a major me- 
teoric stream (probably O-cetids). If, 
however, an increase by only a factor 
of 20 in the particle density during an 
average “major shower” is assumed, 
the energy input into the atmosphere 
will be as high as 0.2 erg cm™ sec”. 
(A conservative value of velocity has 
been used. Major showers are known 
to have velocities up to 65 to 70 km/sec, 
which implies an increase in energy by 
another factor of 4.) 

The energy brought in by the meteor 
particles can be given up to the earth’s 
atmosphere, probably in the 100 to 120 
km region, in three possible ways: (i) 
luminous radiation, (ii) ionization, and 
(iii) heating. 


According to Whipple, the “luminous 
efficiency” factor for the meteoric par- 
ticles is given by 


T=TV 


where log 7. is —9.07 and V is the veloc- 
ity of the particle (3 x 10° cm/sec), 
giving 

x 10° 


that is, only 0.3 percent of the energy 
will go as visible radiation. This can 
be regarded as negligible. 

The “ionization efficiency factor,” as 
given by Kaiser, is 0.1. The remaining 
90 percent of the energy—that is, 0.18 
erg cm™ sec*—therefore goes immedi- 
ately in heating. Since the major me- 
teoric showers last, on an average, at 
least several hours, the energy avail- 
able for heating the E-layer is of the 
order of 600 erg hr”. 

Table 1 gives the amounts of energy 
per square centimeter column required 
to heat the atmosphere above the alti- 
tude Z by 1°K, as calculated from the 
Jastrow-Kyle atmospheric model (¢). 

As the table shows, if the meteoric 
showers give up their energy in the 
110- to 120-km layer, this region will 
be heated up by 5°K in 6 hr. This in- 
crease in temperature will produce an 
increase in density in the upper layers 
of the atmosphere given by the follow- 
ing relation: 


— (mg/KTm) az 
e 
Tm 


where Tm is the molecular scale tem- 
perature and KT/mg=H (scale height). 
Table 2 presents estimates of per- 


Table 1. Energy required to heat the atmos- 
phere above altitude Z by 1°K. 


Mass of Energy 

Z (km) atmosphere (erg/cm? 
above Z km (g) column) 
90 1.858 xX 10-* 2.207 X 10* 
100 3.366 X 10-* 3.999 x 10 
110 8.348 x 10-5 9.917X 10? 
120 2.796 X 10° 3.322 x 107 
150 5.856 X 10-* 6.957 X 10! 
200 1.756 X 10-* 2.086 X 


Table 2. Estimates of percentage density 
increases resulting from a 5°K temperature 
rise over a 10-km layer. 


Increase (%) in 
density at altitude 


120 200 300 600 
km km km km 
90 to 100 km 6 8 S) 10.5 
100 to 110 km 2 5 6 7 
110 to 120 km 3 3 4 
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centage density increases resulting from 
a 5°K temperature rise over a 10-km 
layer. The computations’ have been 
made by Kyle by adding 0.5°K/km to 
the temperature gradients of the Jas- 
trow-Kyle model atmosphere in the 
three representative layers, 90 to 100 
km, 100 to 110 km, and 110 to 120 
km. 

A first analysis of the density data 
inferred from the satellite measurements 
is consistent with the expected 5 to 8 
percent density increases at 355 and 
660 km during the major meteor show- 
ers. However, more accurate data on 
orbital decelerations will be required 
to confirm this hypothesis. 

S. I. Rasoo.* 
Institute for Space Studies, 
New York, New York 
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Polynuclear Aromatic Hydrocarbons, 
Steroids and Carcinogenesis 


Abstract. In addition to the electronic 
factors, there is a steric factor responsible 
for the carcinogenicity of polynuclear 
aromatic hydrocarbons. A_ carcinogenic 
polynuclear aromatic hydrocarbon must 
bear steric resemblance to steroids. One 
possible implication to this requirement 
for carcinogenicity is that these hydro- 
carbons may act on the same sites as 
steroid hormones. 


Numerous attempts have been made 
to correlate the carcinogenicity of 
polynuclear aromatic hydrocarbons and 
their structures by molecular orbital 
calculations (J), fluorescence spectra 
(2), absorption spectra (3), chemical 
reactivities (4), and abilities in molec- 
ular complex formation (5). All these 
approaches were based primarily on 
the electronic structure of the poly- 
nuclear aromatic hydrocarbons, and 
generally the carcinogenic hydrocar- 
bons must possess low electronic ex- 
citation barriers. However, the over- 
all results of these correlations are not 
satisfactory to account for the relative 
carcinogenicity of various alkylated 
polynuclear aromatic hydrocarbons (6). 


The carcinogenicity of these com- 
pounds was found to be dependent on 
the size of the alkyl substituents as 
well as on the position of the substi- 
tuent. Usually carcinogenicity de- 
creases as the size of the alkyl substit- 
uent increases, for example, the higher 
homologs of 3-alkylcholanthrenes (1) 
(2) 


and 8-alkylbenzanthracenes (7) are less 
carcinogenic than the corresponding 
methyl derivatives. There seems to be 
no definite rule governing the relative 
carcinogenicity of these hydrocarbons 
with respect to the position of the 
alkyl group; for example, among the 
methylbenzanthracenes, 7-methylben- 
zanthracene is strongly carcinogenic, 
8-methyl followed by 12-methyl deriv- 
ative is quite carcinogenic, whereas 
other methyl derivatives are about as 
ineffective as the parent compound 
(8). The increase in carcinogenicity 
of 7- and 12-methylbenzanthracene 
may be interpreted by an increase in 
electronic effect due to the introduction 
of a methyl group into the meso posi- 
tions (9), but the carcinogenicity of 
the 8-methyl derivative cannot be ac- 
counted for. It is well known that the 
electronic effect of a methyl group sub- 
stituted in an aromatic or unsaturated 
system is very similar to that of an 
ethyl group, while the latter is virtually 
indistinguishable from its higher ho- 
mologs (/0). Since all previous cor- 
relations were based on the electronic 
properties of the hydrocarbons, it is 
not surprising that these attempts 
failed in the case of alkylated poly- 
nuclear aromatic hydrocarbons. — 
Most carcinogenic polynuclear aro- 
matic hydrocarbons contain four to 
five condensed aromatic nuclei, and 
their structural similarity to steroids 
has been noted (6). Steroids may be 
converted under drastic conditions to 
a number of polynuclear aromatic hy- 
drocarbons, among which are the 
noncarcinogenic Diel’s hydrocarbon 
and the highly carcinogenic 3-methyl- 


cholanthrene. Numerous efforts to ef-. 


fect such a conversion in vivo have 
been unsuccessful. 


By careful examination of the 
Stuart-Briegleb melocular model (//) 
of various carcinogenic hydrocarbons 
and steroids, we observed a remarkable 
resemblance between these two classes 
of compounds. There is usually a di- 
rect increase in carcinogenicity as the 
hydrocarbons become sterically more 
similar to steroids. Some of these re- 
sults are illustrated in Figs. 1-4. In 
Fig. 1 the molecular model of noran- 
drostane (II) 


Il 


is compared with that of benzanthra- 
cene (III); 


there is a discrepancy near the top 
of the molecule which may be easily 
compensated if the 17 position of 
norandrostane is substituted by a hy- 
droxyl or an acetyl group as in most 
steroid hormones. In Fig. 2, the molec- 
ular model of benzanthracene is com- 
pared with that of norandrostane; 
there is a discrepancy at the positions 
equivalent to Css and Cw of steroids. 
Introduction of a methyl group to 
either 7 or 8 position of benzanthra- 
cene will decrease this discrepancy. 
7,8-Dimethylbenzanthracene and chol- 
anthrene, which have the same molec- 
ular dimension as that of steroids, are 
among the most potent carcinogens 
known. 7- or 8-Methylbenzanthracene, 
which is sterically more similar to 
steroids than the parent hydrocarbon, 
is also much more. carcinogenic. The 
introduction of higher alkyl groups 
into benzanthracene or cholanthrene 
will cause the molecule to deviate 
sterically from steroids; therefore, the 
higher alkylated hydrocarbons are less 
carcinogenic, as observed in the homo- 
logs of 8-alkylbenzanthracene (7) and 
3-alkylcholanthrene (2). In Fig 3, the 
molecular model of 16-methyl-17- 
acetylnorandrostane (IV), 
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ha 2 Gree is a requirement for carcinogenicity, 


ble = may act at the same sites as steroid 
‘ hormones. Carcinogenesis by these 
di- Se Pee hydrocarbons may be the result of 
the Ae their interference with normal steroid 
on functions. This hypothesis is in agree- 
» ment with several isolated biological 
In observations, among which are the 


hydrocarbons by concurrent adminis- 
tration of steroid hormones with these 
hydrocarbons (/4) and the induction 
of identical morphological changes by 
some of these hydrocarbons as by pro- 


gesterone on breast tissue of experi- 
mental animals (/5, 16). 
N. C. YAnG,* A. J. Castro, 
M. Lewis, Tinc-Wa Wonct 
lll Department of Chemistry; 
University of Chicago, 
Chicago, Illinois 
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“Conditioned” Alpha 
Desynchronization 


Abstract. Results casting doubt on the 
reported findings of Wells and Wolff on 
conditioned alpha desynchronization are 
presented. The experimental findings in- 
dicate that these authors were most likely 
dealing with the phenomenon of adapta- 
tion to a complex stimulus. These results 
are compared to similar phenomena in 
the conditioning of the galvanic skin re- 
sponse. 


In a recent article Wells and Wolff 
(1) speak of the development of con- 
ditioned cerebral responses which 
were “considered to have occurred 
when the alpha rhythm was obliterated 
or strikingly depressed following the 
presentation of the tone and before 
the appearance of the light.” In view 
of the results obtained by Knott and 
Henry in 1941 (2) and by Wells and 
Wolff (3), we seriously question 
whether the latter authors demonstrated 
development of a conditioned cerebral 
response in their more recent report 
(1). 

We replicated the experimental con- 
ditions described by Wells and Wolff, 
the only difference being the presenta- 
tion of tone through a speaker rather 
than through earphones. “Condition- 
ing” consisted of the presentation of 
a tone (500 cy/sec approximately 40 
db above level of audibility) for 4 sec, 
with light stimulation during the last 
3 sec of tone. In our experiment 12 
naive subjects were presented with 20 
trials of tone stimulation (adaptation) 
prior to the 50 conditioning trials. The 
results of only ten subjects could be 
used, two subjects showing consistent 
tendencies to drift off into dreamland 
that could not be checked by instruc- 
tions for them to remain relaxed but 
awake. 

Alterations in alpha activity (bi- 
polar parieto-occipital leads) were 
evaluated during the 1 sec of tone 
stimulation and during the first second 
of tone coupled with photic stimula- 
tion. In all cases alpha activity was 
compared with that observed during 
the second preceding the start of tone 
stimulation. Alpha desynchronization 
was recorded if amplitude of alpha 
activity during stimulation fell below 
that during the preceding period, or if 
alpha desynchronization (LVF) ap- 
peared, or if both occurred. Alpha en- 
hancement was tallied if the amplitude 
of alpha activity was enhanced during 
stimulation or if during stimulation 
alpha actively appeared against a back- 
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ground of either low voltage fast (LVF) relatively consistent drop in the alpha tain 
or “drowsy” activity. desynchronization response to tone diti 
Figure 1 shows the results of this going from early to later trials. Addi- a 
experiment. Twenty trials of tone tional evidence in support of the view I 
stimulation produce some adaptation of that this response is an adaptation re- ber 
the alpha desynchronization response, sponse to a new stimulus complex (tone 
me: 
although adaptation is far from perfect and light as compared with tone stin 
at this time. If trials demonstrating alone) is obtained from the curve de- 
alpha enhancement are excluded from _ picting the response to light stimulation, i" 
the analysis, 69 percent of the first five to which some adaptation also occurs. o. 
trials show desynchronization, 58 per-. The two curves are identical in inflec- of 
cent during trials 6 to 10, 54 percent tion nine out of ten times, that is, as pre 
during trials 11 to 15, and 45 percent one curve goes down so does the other, pot 
still show desynchronization during the as one goes up so does the other. ; 
last five trials. The greater degree of Since the response to light is the un- der 
desychronization found in this experi- conditioned response, a decrease of A 
ment than in the work of Knott and which can only be attributed to adapta- tii 
Henry (2) is attributed to the higher tion, it would appear more parsimoni- ing 
intensity of tone stimulation used in the ous to refer to the changes in alpha bias 
present experiment. Knott and Henry desynchronization during “condition- oe 
used a tone just above the auditory ing” as adaptation to a new stimulus tit 
threshold of their subjects. Wells and complex. The results of recent studies Wine 
Wolff presented no data on the adap- on galvanic skin response conditioning Du 
tation portion of their experiment, ex- by Stewart et al. (4) and Stern et al. we 
cept for the statement that tone was (5), demonstrating a return of the}... 
“repeatedly presented until at least five adapted-out response when it is paired} ;. 
successive tone presentations failed to with a new stimulus, would thus also , | 
suppress alpha activity.” hold for alpha desynchronization con- str 
When tone and light are paired we ditioning. Knott and Henry have re-} |, 
observe enhanced alpha desynchroniza- ferred to this phenomenon as “sensitiz-¥ 41, 
tion during the first five trials (as com- ation,” while the latter authors have} |); 
pared with the last five adaptation referred to it as the return of the ing 
trials). The “conditioning” curve, how- “orienting response.” Insofar as alpha lig 
ever, looks more like an adaptation desynchronization can be considered} jo 
than a conditioning curve. There is a an “orienting response,” the results ob-] a1, 
lig! 
> 34 of 
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Fig. 1. Effect of tone stimulation and “conditioning” on alpha activity. The upper por 6. 
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tained for galvanic skin response “con- 
ditioning” are also applicable to alpha 
conditioning. 

If our interpretation of these data is 
correct, we would predict that if one 
measured speed of adaptation to tone 
stimulus alone, one should find that 
brain-damaged and chronically anxious 
patients should show adaptation to tone 
stimulation more rapidly than is true 
of control subjects. Experiments are 
presently under way to test this hy- 
pothesis. 

Analysis of alpha enhancement is 
depicted in the lower portion of Fig. 1. 
A rise in the curve is indicative of 
increasing alertness; a drop, of increas- 
ing drowsiness. This interpretation is 
based on the finding that alpha en- 
hancement or appearance of alpha 
activity in response to stimulation 
occurs only in drowsy subjects (6). 
During the 20 trials of tone stimulation, 
we see a consistent increase in alert- 
ness, while during “conditioning” there 
is consistent decrease of alertness, or 
a lapse into a drowsy state, despite in- 
structions on the part of the experi- 
menter aimed at keeping the subject 
alert and awake. The lack of paral- 
lelism between the curves demonstrat- 
ing alpha enhancement to tone and to 
light (paired with tone) is attributed 
to the facts that (i) where there is 
alerting to tone, further alerting to 
light is not probable, since the period 
of analysis for light stimulation im- 
mediately follows that of tone stimula- 
tion, and (ii) since light is a more 
potent stimulus for producing alpha 
desynchronization, it is thus possible 
for a person to go from a drowsy rec- 
ord to an alert one with minimum 
or no evidence of alpha activity. 
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New Arrangement of 
Interrenal and Chromaffin 
Tissues of Teleost Fishes 


Abstract. An unusual morphologic ar- 
rangement of interrenal and chromaffin 
tissues has been observed in two fam- 
ilies of teleost fishes. In most teleosts in 
which these cell types occur together in 
association with the postcardinal veins and 
their branches, the chromaffin cells are 
located between the lumen of the vein 
and the interrenal cells. This typical re- 
lationship is reversed in some of the 
Labridae and Scaridae. 


The interrenal gland of teleost fishes, 
located within the anterior or head 
kidney, appears to be homologous to 
the adrenal cortex of mammals (/, 2). 
Chromaffin cells like those of the 
adrenal medulla, which react with 
chromic acid, are also found in the 
anterior kidney. These cell types were 
delineated first by Giacomini in 1902 
(3); since then the interrenal and 
chromaffin tissues of about 80 species 
of teleosts have been described (J, 4, 
5). 

In order to extend these observations, 
over 125 species from 55 teleost fam- 
ilies were collected from a variety of 
habitats (6). The anterior kidneys of 
these animals were fixed either in 
Bouin’s or in Orth’s (7) fluid. The lat- 
ter fixative contains potassium di- 
chromate, and was used to determine 
the distribution of chromaffin cells. 

The interrenal morphology is ex- 
tremely variable in these fishes. Fur- 
thermore, the surrounding tissues may 
be lymphoid or myeloid or both, and 
may or may not contain renal elements 
(2). The relationship of the interrenal 
to these tissues is also variable. Usually 
the interrenal is associated with the 
postcardinal veins or their branches or 
both, which ramify through the anterior 
kidney tissue. Chromaffin cells are al- 
ways located within the walls of these 
veins. Often the interrenal and chrom- 
affin tissues are separate, although more 
frequently there is some type of associ- 
ation between them. 

When interrenal and chromaffin cells 


occur together around the veins within 


the anterior kidney, one of several pos- 
sible arrangements may be found. The 
chromaffin tissue may be interspersed 
among the interrenal cells, as in the 
Cyprinidae and Cyprinodontidae (5). 
In the Gasterosteidae (5), clumps of 
interrenal alternate with clumps of 
chromaffin cells, the entire complex 
forming a cuff around the lumen of the 
postcardinal vein. 


More often only the chromaffin cells 
are seen within the walls of these veins, 
either adjacent to the endothelium or 
embedded within the connective tissue 
of the vein wall. The interrenal is found 
external to both the vein wall and its 
associated chromaffin tissue. Such an 
arrangement is illustrated in Fig. 1 
(A, B), which shows the interrenal and 
chromaffin tissue of a butterfly fish, 
Chaetodon miliaris. Even in the truly 
interspersed glands mentioned above, 
the chromaffin cells tend to be located 
closest to the vein lumen. 

During the course of this investiga- 
tion, an unusual arrangement of the 
interrenal and chromaffin tissues was 
seen. This arrangement has not been 
described previously, and. has been ob- 
served only in fish from two closely 
related families: the Labridae (wrasses) 
and the Scaridae (parrot fishes). In 
some of these animals, the interrenal 
cells were found immediately adjacent 
to, the endothelium of the veins, as a 
single layer of columnar cells. The 


Fig. 1. Interrenal and chromaffin tissues 
associated with a branch of the post- 
cardinal vein within the anterior kidney. 
Tissues were stained with hematoxylin and 
eosin; magnification is X 365. (A) Chaeto- 
don miliaris, Bouin’s fixation. (B) Chaeto- 
don miliaris, Orth’s fixation. (C) Cheilinus 
rhodochrous, Bouin’s fixation. (D) Chei- 
linus rhodochrous, Orth’s fixation. Ab- 
breviations: i, interrenal cells; c, chromaf- 
fin cells (the positively reacting chromaffin 
cells appear dark after Orth’s fixation); 
1, vein lumen. 
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chromaffin cells lie between the inter- 
renal and the connective tissue of the 
vein wall (Fig. 1, C, D). This peculiar 
arrangement of cells was observed in all 
of the species of Scaridae examined, 
which included Scarus dubius, S. for- 
mosus, S. perspicillatus, and Scarops 
rubroviolaceus. In regions of the an- 
terior kidney where the interrenal is 
markedly thickened, however, the in- 
terrenal and chromaffin cells were often 
interspersed. 

Among the Labridae studied, the re- 
lationship between  interrenal and 
chromaffin cells illustrated in Fig. 1 (C, 
D) was seen in the following species: 
Cheilinus rhodochrous (Fig. 1, C, D), 
Cheilio inermis, Hemipteronotus bald- 
wini, Novaculichthys taeniourus, N. 
woodi, Thalassoma duperreyi, and T. 
umbrostigma. In most of these fishes, 
other arrangements were also seen, es- 
pecially in those regions where the in- 
terrenal cells are stratified. In five other 
species of Labridae (Bodianus bilunu- 
latus, Coris flavovittata, C. ballieui, Cy- 
molutes leclusei, Thalassoma ballieui) , 
this unusual relationship of interrenal 
and chromaffin cells was not observed. 

Modifications of interrenal location 
and morphology may be related to the 
maintenance of an adequate blood 
supply to this gland, particularly as it 
increases in size. The function of the 
sinusoids visible in the interrenal of 
Chaetodon (Fig. 1A) may be performed 
by the larger blood vessel in Cheilinus 
(Fig. 1C), as long as only a single 
layer of interrenal cells lies adjacent 
to the vein lumen. It is noteworthy 
that the chromaffin cells maintain a 
relatively constant position in the 
vein wall despite marked variations 
in the distribution of interrenal tissue. 
The significance of these morphologic 
variations is not apparent, and attempts 
to correlate interrenal structure with 
habitat or taxonomic position of the 
species have thus far been unsuccess- 
ful (8). 
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Potassium Deficiency in 
Marmots during Hibernation 


Abstract. Semiquantitation of potassium 
deficiency in the renal papillae indicates 
that woodchucks (Marmota monax) are 
deficient in potassium annually during the 
time they subsist on stored fats. The de- 
ficiency begins prior to hibernation, pro- 
gresses during hibernation, and, in males, 
continues during the immediate post- 
emergence period. 


A deficiency of potassium appears to 
be a regular annual event in wood- 
chucks (Marmota monax). The defi- 
ciency begins prior to hibernation and 
reaches a maximum immediately after 
hibernation. During this part of the 
year the animals subsist on stored fats 
rather than on ingested food. 

Potassium deficiency in these animals 
is shown by the presence in the cells of 
the tips of the renal papillae, especially 
of the collecting tubules, of PAS posi- 
tive intracytoplasmic granules, or drop- 


Table 1. Mean grade of PAS positive granulation in epithelial cells of the collecting ducts of 
the renal papillae of woodchucks. Grading based on a scale of 0 to 4, where 0 = no granules 
and 4 = the granulation seen in severe experimental potassium deficiency in rats. Data ard 
combined for 1956 through 1960. P differences are as follows: between males and females 
in February, <0.05; between males and females in March, <0.001; between males for Feb-+ 
ruary/March and March/April, <0.001; between females for February/March, <0.05; between 
females for March/April, <0.02; between males for April/May,.<0.05. Differences between 


all other paired successive means: no significance. 


lets, identical to those which result from 
potassium deficiency in laboratory ro. 
dents (/-3). These droplets alone 
are presumptive evidence of a potassium 
deficit (3). However, the fact that the 
degree of granulation in woodchucks 
correlates with serum potassium levels 
establishes the identity of the droplets 
as being those produced by a potassium 
deficit. This relationship permits the 
use of papillary granulation as an index 
of potassium deficiency and roughly of 
its relative degree and duration. 

The kidneys of about 2000 wood- 
chucks from the Letterkenny Army 
Ordnance Depot near Chambersburg, 
Pa., were examined from 1956 through 
1960. Sections through the tips of the 
renal papillae, cut at 3 p» and stained 
by Lillie’s allochrome procedure (4), 
were available for about 1000 of these 
(Table 1). The degree of granule for- 
mation was graded for each kidney on 
a scale of 0 to 4, in which 0 indicated 
no granules and 4 corresponded to the 
marked degree of granulation observe 
in rats made severely deficient in potas- 
sium experimentally (/). 

Animals were collected in all month 
but January and the first half of Febru; 
ary, although samples were necessarily 
small in the months immediately pre 
ceding and during hibernation (Tabl 
1). Both males and females begin hi 
bernation in October in the study area. 
The midpoint of emergence from hi- 
bernation is 22 February for adul 
males and 5 March for adult females 
Two torpid animals were taken fron 
underground burrows in Decembe 
(Table 1). More animals from Decem 
ber and January would be desirable, bu 
woodchucks are difficult to locate i 
their burrows during hibernation. Seru 
potassium levels were determined for 


Males Females Sexes combined 

Month 

” No. Mean S.E. No. Mean S.E. No. Mean SE 
February 30 3.47 0.14 4 2.50 0.41 
March 139 Zao we 108 1.58 12 
April 121 1.33 win 152 1.20 10 273 1.26 0.0 
May 25 0.84 21 54 0.68 Ai 719 0.73 
June 32 0.48 16 45 0.54 14 71 0.52 Hi 
July 32 0.61 BY | 78 0.40 07 110 0.46 G 
August 7 0.57 28 21 0.48 a5 28 0.50 
September 45 0.74 bo 51 0.81 18 96 0.78 
October 10 0.95 34 >. 0.80 34 15 0.90 
November 3 1.00 58 5 1.00 71 7 1.00 
December 1 2.00 1 3.00 2 2.50 
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Fig. 1. Degree of granulation in the renal 
papillae on a basis of 0 to 4 plotted against 
serum potassium levels for 71 male and 
132 female woodchucks. 


random sample of 346 animals (5). 
Comparisons between serum potassium 
and degree of granulation were possible 
for 203 of these for which there were 
sections through the papillary tips. 
Muscle potassium was not measured. 
Serum potassium levels declined sig- 
nificantly as the degree of granulation 
increased in both sexes (Fig. 1). How- 
ever, the relationship was poorer in the 
females, as indicated by the lower slope 
and lower degree of significance, in 
spite of a much larger sample size. The 
adjusted mean serum potassium levels 
of the two regressions were not different 
(5.15 for males and 5.45 for females), 
but the difference between the slopes 
approached significance (P <0.10). 
Pregnancy and lactation may account 
for the greater variability in the females. 
Nevertheless, use of the degree of 
papillary granulation as a rough index 
of the degree of potassium deficiency is 
justified by the significant correlation 
between papillary granulation and 
serum potassium levels in both cases. 
Renal papillary granulation is marked 
when the woodchucks emerge from 
hibernation (Table 1). It then declines 
exponentially through June, remains at 
a low level through August, and begins 
to increase again to reach a relatively 
marked degree by Décember (Table 1). 
The pattern of change in the degree of 
granulation throughout the year was the 
same for every year, from 1956 through 
1960. During February and March the 
degree of granulation is significantly 
greater in males than it is in females 
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(Table 1), but by April the values for 
both sexes were the same. These differ- 
ences are accounted for by the fact that 
males begin to emerge from hibernation 
about a month before the females, al- 
though the mid-points of emergence are 
about 2 weeks apart. During this period 
there is little or no food available, and 
the gastrointestinal tracts of the males 
invariably are empty (6). Consequently, 
the males are living entirely on stored 
fat then and, to a lesser extent, after- 
wards (6). On the other hand, the 
females emerge at about the time food 
becomes available. The greater degree 
of granulation and, therefore, presum- 
ably, potassium deficiency in males ap- 
parently is due to continuing potassium 
losses without dietary repletion during 
the 2 to 4 weeks immediately following 
hibernation. On the other hand, it is 
clear that the granulation begins to 
develop immediately prior to hiberna- 
tion and continues to progress during, 
and particularly after, hibernation when 
the animals again are depending on 
stored fat without ingesting food and, 
consequently, potassium. 

From the preceding evidence, it ap- 
pears that woodchucks experience an 
uncompensated loss of potassium during 
the period of the year in which they 
subsist largely on stored fats; that is, 
immediately prior to and during hiber- 
nation and, for males, during the im- 
mediate postemergence periods. The 
loss apparently is progressive and cumu- 
lative until repletion begins early in 
March. The loss of potassium could be 
aggravated by a relatively increased 
activity of sodium and water-retaining 
endocrine mechanisms, such as a rela- 
tive increase in aldosterone secretion, 
during hibernation. However, this as- 
pect of the problem has not been ex- 
plored. The adrenal glands in these 
animals weighed the least during hiber- 
naticn and increased in weight every 
year from the end of hibernation until 
June, apparently as a result of stimula- 
tion by social factors (unpublished 
data). So changes in adrenal weight 
correlate negatively with the degree of 
papillary granulation and serum’ potas- 
sium levels. The significance of this 
relationship, if any, is not apparent. 

The rate of potassium repletion, in 
terms of the disappearance of specific 
granulation, appears to occur at a con- 
stant rate, as indicated by the data in 
Table 1. Degranulation follows closely 
a negative exponential curve for each 
year. 


Based on the above evidence it would 


appear that the development of a rela- 
tive potassium deficit is a regular fea- 
ture of hibernation in woodchucks, 
brought about by continuing losses of 
potassium without dietary replenish- 
ment during the period of dependence 
on stored fats (7). 
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Existence of Absorption Bands at 
730-740 and 750-760 Millimicrons 
in Algae of Different Divisions 


Abstract. Absorption studies, made on 
suspensions of Anacystis nidulans, Chlo- 
rella pyrenoidosa, and  Porphyridium 
cruentum by means of an integrating spec- 
trophotometer, suggest the existence of 
pigments absorbing “extreme red” light in 
the 720- to 800-myu region. In the blue- 
green alga Anacystis, one pigment of this 
type exists, which produces a relatively 
strong absorption band at 750 mu. In the 
green alga Chlorella and the red alga Por- 
phyridium, two considerably weaker ab- 
sorption bands appear, at 730 to 740 mu 
and 750 to 760 mz, which may be due to 
one or two pigments. These pigments must 
be responsible for the photoinhibition of 
photosynthesis observed in these algae in 
the same spectral region; as yet, no photo- 
inhibition has been observed in Anacystis. 


Rabinowitch et ai. (1) and Govind- 
jee et al. (2, 3) have demonstrated the 
occurrence of photoinhibition of both 
photosynthesis and the Hill reaction by 
extreme red light in various algae. This 
caused us to make a search for the 
presence in algal cells of pigments ab- 
sorbing in the extreme red region of 
the spectrum. The green alga Chlorella 
pyrenoidosa, the red alga Porphyridium 
cruentum, and the blue-green alga Ana- 
cystis nidulans were used. Chlorella and 
Porphyridium were grown as previously 
described (see 4); Anacystis is now be- 
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ing grown in our laboratory in the 
“standard nitrate’ medium developed by 
Emerson and Chalmers for the growing 
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Fig. 1. Absorption spectra of thick sus- 
pensions of Anacystis nidulans showing 
the occurrence of pigment “P750” in three 
cultures of different density. 
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Fig. 2. Absorption spectra of thick sus- 
pensions of Chlorella pyrenoidosa show 


the existence of pigments “P740” and 
“P760” in three different cultures. 
‘oF PORPHYRIDIUM 
\ 
\ 
A 
> 005+ | 4 
Fr] 
o 
F350 740 750 760 770 780 


WAVELENGTH IN mp 


Fig. 3. Absorption spectra of thick sus- 
pensions of Porphyridium cruentum show- 
ing the existence of pigments “P740” and 
“P760” in three different cultures. 


392 


of Chlorella (unpublished). We prefer 
this completely inorganic medium to the 
citrate-containing medium used by 
Kratz and Myers (5). 

The algal cultures were centrifuged 
and resuspended, either in their culture 
medium or in an appropriate carbonate- 
bicarbonate buffer. The bands were first 
noted as weak but reproducible wiggles 
on the absorption curves obtained by 
the usual methods. Because of their 
weakness, measurements were made on 
very thick suspensions, with optical den- 
sities of about 2.0 at 680 my. In making 
measurements at low optical densities in 
very concentrated suspensions, both the 
stability of the instrument and the accu- 
racy with which it can measure true ab- 
sorption in a strongly scattering suspen- 
sion are important. Of the instruments 
available to us, our 12-cell integrating 
spectrophotometer (6) comes closest 
to satisfying these requirements. Read- 
ings were taken at 5-my_ intervals; 
the half-intensity band width was 2.0 
Mp. 

Suspensions of Anacystis revealed 
clearly. the presence of an absorption 
peak at 750 my (Fig. 1), which has been 
mentioned earlier (2). In some experi- 
ments with this alga, the peak was 
found at 760 my; the cause of this dif- 
ference is unknown. The presence of a 
750-mp pigment (“P750”) in Anacystis 
can be detected also with the Beckman 
DU spectrophotometer. Contrary to 
what one would expect from the rela- 
tively high intensity of this absorption 
band, Anacystis is the one algal species 
in which no photoinhibition effect could 
be noted (2). 

Absorption spectra of several suspen- 
sions of Chlorella and Porphyridium 
(prepared from different cultures) 
showed two absorption bands in the ex- 
treme red, at 730 to 740 my and at 750 
to 760 my, respectively. Figures 2 and 
3, obtained by correcting the experi- 
mental absorption curves for a “tail” 
of the chlorophyll a absorption band 
(assumed to fade out smoothly on the 
long-wave side), clearly show the two 
new bands. 

We believe that the pigments (“P740 
+ P760”) producing these absorption 
bands are responsible for the inhibition 
effect previously detected in photosyn- 
thesis and in the Hill reaction of the 
same algae, since these absorption peaks 
coincide with the peaks observed in the 
action spectrum of inhibition (3). The 
weakness of the absorption bands shown 
in Figs. 2 and 3 suggests that the pig- 


ments are either present in very low 
concentrations or have very low extinc- 
tion coefficients, 

No evidence has yet been obtained of 
the chemical nature of the new pig- 
ments (“P750” and “P740 + P760”). 
Some experiments suggest, however, 
that the pigment “P740 + P760” may 
be similar to the “phytochrome,” which 
Butler et al. (7) have found in higher 
plants. Alternatively, the new absorp- 
tion bands could be due to microcrystals 
of the chlorophylls, since the latter are 
known to absorb in the same spectral 
region (8, 9). 
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Air Entrainment in 
Turbulent Liquids 


Abstract. An experimental technique 
has been developed for measuring the 
concentration and distribution of air en- 
trained by turbulence in an agitated liq- 
uid. The air content was related to the 
viscosity, surface tension, and turbulence 
of the liquid by dimensional analysis. 


The concentration and distribution 
of air in turbulent water have been 
measured by several investigators both 
by mechanical sampling (J) and by 
electrical methods (2) in laboratory 
channels set at slopes sufficiently steep 
that when the turbulent boundary layer 
intersected the free surface there was 
sufficient transverse kinetic energy to 
overcome the stabilizing effects of sur- 
face tension and air was entrained into 
the water. The air bubbles were then 
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Fig. 1. Grid agitator used to generate 
homogenous turbulence in a liquid. The 
driving rod is connected to an eccentric 
on a variable-speed drive. 


carried to some depth in the water by 
the mechanism of turbulent diffusion. 
This report summarizes the results of 
an experimental study of the mecha- 
nism of air entrainment as it is related 
to significant fluid properties and to 
turbulence artificially induced by a 
moving grid in a container of liquid. 
The surface tension, viscosity, and 
density of the liquid determine the 


-./0 

40 : 

O 20 40 60 8 feo 


AiR CONCENTRATION- % 


Fig. 2. Typical distribution of air entrained 
into water through the free surface by 
turbulence. Negative values of depth re- 
sult from bulking of the air-water mixture. 
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amount of air entrained and the size 
and concentration of the air bubbles 
within the liquid for any given degree 
of turbulence. This interrelationship 
can be expressed as 


where C is the mean air content by per- 
cent of volume in the container, « is 
the diffusion coefficient, p is the den- 
Sity, » is the viscosity, o is the surface 
tension, and y is the specific weight of 
the liquid. 

The turbulence was generated by a 
grid agitator moving vertically in simple 
harmonic motion in a transparent con- 
tainer of the liquid (see Fig. 1). The 
amplitude and frequency of the stroke 
and the geometry of the agitator were 
varied. The liquids used were water, 
ethyl alcohol, methyl alcohol, and 
sugar-water solutions at different tem- 
peratures. These liquids permitted sig- 
nificant changes in the fluid properties. 
An electrical probe similar to that de- 
veloped by Lamb and Killen (2) was 
used to measure the concentration of 
air at any level. A typical distribution 
of the air is shown in Fig. 2. : 

Since the eddy coefficient cannot be 
readily evaluated, the dimensional anal- 
ysis of the problem proceeded from the 
following relationship 


(v, d, P, ¥) (2) 


where the diffusion coefficient (<) of 
Eq. 1 has been replaced by v, the mean 
velocity, 7, the stroke, and d, the grid 
spacing of the agitator. 

Application of the z theorem resulted 
in the following relationship 


c= 


where the first term in parentheses is 
a dimensionless geometry parameter 
and the remaining terms are forms of 
the familiar Reynolds (R), Weber (W), 
and Froude (F) numbers. 

Equation 3 was evaluated from re- 
sults of these tests to be 


C=008 F) 


The exponent of the Froude number 
averaged near zero, indicating that 
gravity has a negligible effect on air 
entrainment for the liquids tested. 
Visual observation of the entrain- 
ment process indicates that entrainment 
occurs when the surface undulations 
form breaking waves. Then turbulent 
mixing carries the air bubbles deep 


into the liquid. Decreasing the surface 
tension results in greater surface action 
and greater air entrainment; similarly, 
the greater the turbulence, the greater 
the air entrainment. Decreasing the 
viscosity permits more bubbles to be 
carried into the fluid (3). 
: J. ERNEST FLACK 
JAN INGE KVEISENGEN 
JoHN H. Natu* 
Hydraulics Laboratory, 
Department of Civil Engineering, 
University of Colorado, Boulder 
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Pre-Columbian Littorina 
littorea in Nova Scotia 


Abstract. Littorina littorea, an abundant 
northeast North American gastropod, was 
thought to have been introduced from 
Europe about 1840. Shells of that species 
found in ancient Micmac Indian camp 
sites in Nova Scotia have been radiocar- 
bon-dated as pre-Columbian. Failure of 
L. littorrea to extend its range southward 
before 1840 may have been due to 
oceanographic factors. 


Littorina littorea (Linn.) is probably 
the most abundant intertidal gastropod 
occurring between the Gulf of St. Law- 
rence and southern New Jersey. Long 
native in Europe from the White Sea 
to Gibraltar and in the British Isles 
(1), it was first recorded from North 
America about 1857 when Willis re- 
ported it from Halifax, Nova Scotia 
(see 2). Its subsequent progressive 
colonization of more southerly locali- 
ties has been well documented by 
Morse (3), who states that it first 
occurred at Portland and Kennebunk, 
Maine, in 1870; at Salem and Province- 
town, Massachusetts, in 1872; at 
Woods Hole, Massachusetts, in 1875; 
and at New Haven, Connecticut, in 
1880. Morse also stated (3) that he 
had received specimens from Bathurst, 
Bay of Chaleur, Gulf of St. Lawrence, 
in 1855, and Dawson (see 2) reported 


that he had collected it at Pictou on 
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Fig. 1. Littorina littorea from Reid Site, Indian Point, St. Margaret’s Bay, Halifax 


County, Nova Scotia (scale is in centimeters). 


Northumberland Strait, Nova Scotia, in 
1840 and believed that because of its 
wide distribution it was “a regular and 
probably aboriginal member of the 
fauna of Acadia.” Because of the rapid 
southward spread of the species shortly 
after its discovery, modern workers 
(/) have discounted Dawson’s views 
and accepted Ganong’s theory (2) that 
L. littorea was introduced to the Hali- 
fax region about 1840 by commerce 
and that its southward spread was a 
direct result of that introduction. 
During the summer of 1960, one of 
us (J.S.E.) was engaged in archeologic 
investigations of Micmac Indian camp 
sites (4) near Halifax, Nova Scotia. At 
Reid Site, Sand Cove, and at Frostfish 
Cove (both at Indian Point, St. Mar- 
garet’s Bay, Halifax County), speci- 
mens of Littorina littorea were found 
among undisturbed hearth debris and 
were associated with Cepaea hortensis 
(Miiller), other shells, bones, charcoal, 
and prehistoric artifacts. The only arti- 
facts in the site of later origin were 


rusty, wrought-iron nails in a line that 
probably had once been a rail fence. 
The valves of Mercenaria mercenaria 
(Linn.) which were present were un- 
usually thick and exhibited crowded 
lines of growth, conditions which nor- 
mally indicate a cold environment 
close to the lower limit of tolerance 
for M. mercenaria (5). Reindeer 
(Rangifer tarandus) bones, absent 
from older deposits, were also found 
and provided further evidence that the 
climate had been cold and was becom- 
ing colder. From this information a 
date corresponding to the latter stages 
of the Little Ice Age was tentatively 
assigned—that is, the 13th century. 

Radiocarbon dating of 12 of the 
Littorina littorea shells from Reid Site 
gave an age of 700 + 225 yr B.P. (6) 
and showed that the original estimate 
of age was approximately correct. 

The specimens which were sub- 
mitted for dating are shown in Fig. 1. 
Their dimensions are apparent in the 
figure. A 13th specimen, which was 


not. submitted for dating, measured as 
follows: height, 16.6 mm; width, 15.0 
mm; whorls, four and a half; aperture 
length, 12.8 mm; and aperture width, 
9.5 mm. The specimens show no es- 
sential divergence in pattern or form 
from specimens now living near Hali- 
fax or elsewhere within the North 
American range of the species. Figure 
1 indicates that the population is nor- 
mally variable and implies no lack of 
genetic diversity. 

The conclusion that Littorina littorea 
was native to the Halifax area before 
the advent of European culture appears 
well founded. It is also probable that 
Dawson was correct and that L. lit- 
torea may have occurred in the North- 
umberland Strait area, a region which 
today supports a distinctive warm- 
water fauna. Its failure to spread 
southward before the middle of the 
19th century may have been the re- 
sult of oceanographic factors. Drift- 
bottle studies (7) indicate that the 
major surface circulation on the Nova 
Scotian shelf is such that pelagic eggs 
and larvae of L. littorea spawned in the 
Halifax area would probably be car- 
ried out to sea and perish. It appears 
likely, then, that increased commerce 
between Halifax and one or more 
ports in southwest Nova Scotia or New 
England caused the species to colonize 
areas, just prior to 1870, from which 
further extension of its range south- 
ward could be mediated by the more 
favorable long-shore ocean currents 
which occur in that region (8). 

ARTHUR H. CLARKE, JR. 
National Museum of Canada, Ottawa 
JOHN S. ERSKINE 

Wolfville, Nova Scotia 
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| APPLICATION FOR HOTEL RESERVATIONS 
5.0 
ie 126th AAAS MEETING 
dth, 
es- 
e Denver, 26-31 December 1961 
lali- The hotels for the AAAS Denver meeting have established special, low rates and have reserved appropri- 
orth ately large blocks of rooms for this meeting. Thus everyone making room reservations for the AAAS meeting is 
assured substantial savings. 
ad The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
Fs vation in Denver. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
a in Denver and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
fore promptly; a confirmation will be sent you in two weeks or less. 
ears If requested, the hotels will add a comfortable rollaway bed to any room, at $3.00 per night. Mail your 
that application now to secure your first choice of desired accommodations. All requests for reservations must give 
lit- a definite date and estimated hour of arrival, and also probable date of departure. 
hich 
arm- AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
read 
the For a list of the headquarters of each participating society and section, see page 197, Science, 21 July. The Hilton is the 
AAAS headquarters hotel. 
rift- 
ne Rates for Rooms with Bath* 
Nova Mishel Single Double Double Twin Beds Twin Beds Studio Sui 
eggs for one for one’ for two for one for two Twins uites 
pe Hilton $8.50 $10.00 $14.00 $14.00 $15.00 $27.00 to $55.50 
car- 
years Brown Palace 8.00 9.00 13.00 $10.00 15.00 24.00 to 65.00 
1erce Cosmopolitan 8.50 9.00 13.00 10.00 14.00 25.00 to 60.00 
more Shirley Savoy 7.50 10.00 9.00 12.00 25.00 to 40.00 
New 
me: * All rooms are subject to a 2% Colorado State sales tax. 
vhic 
i THIS IS YOUR HOUSING RESERVATION COUPON 
more 
rents AAAS Housing Bureau 
Denver 2, Colorado 
Ae Please reserve the following accommodations for the 128th Meeting of the AAAS in Denver, 26-31 December 1961: 
pats TYPE OF ACCOMMODATION DESIRED 
Single: Room Double-Bedded Room .......... Twin-Bedded Room ........... Studio Twins .......... 
(1943). 
nae- 
No. | (Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 
isheries 
> 
e (These must be indicated—add approximate hour, a.M. or P.M.) 
(Individual requesting reservation) (Please print or type) 
(Street) (City and Zone) (State) 
Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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«position 


The 11th 


NATIONAL 
CHEMICAL EXPOSITION 


will be held in the 


CHICAGO AMPHITHEATRE 
SEPTEMBER 5-8, 1961 


at the time of the 140th 
national meeting of the 


AMERICAN CHEMICAL 
SOCIETY 


Everything that’s new in the 


chemical process industries,— 
chemicals, equipment, appara- 
tus, services — plus a series of 
outstanding special exhibits, the 
Trail Blazers of Chemistry, Art 
and Photographic Exhibits by 


chemists, etc. 


PLAN TO ATTEND! 


For information about booth space avail- 


able, and for entry forms and admission 
tickets, write 


National 
Chemical Exposition 
Chicago Section ACS 
86 E. Randolph St., Chicago 1, Ill. 


FRanklin 2-1123 


New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


Pulse height analyzers, models 402 
and 404, are 400-channel instruments 
capable of accepting two and four in- 
dependent inputs, respectively. Count 
capacity per channel is 10° in both 
models with 10° count capacity option- 
ally available. Each input has its own 
amplifier and associated gain control. 
Input pulse polarity must be negative 
and can cover the range of 0 to 50 
mv. The entire channel capacity can 
be used for a single input if desired. 
A common analog-to-digital converter 
is utilized for all inputs. Should two 
or more inputs arrive simultaneously, 
all information is rejected. The ana- 
lyzers use magnetic-core memories 
with data stored in parallel binary- 
coded decimal form, thus avoiding the 
need for an auxiliary binary-to-decimal 
decoder. Memory packages are made 
up of either 20 or 24 planes (cor- 
responding to 10° or 10° counts per 
channel) with 400 cores mounted on 
each plane. 

The pulse amplitude spectrum is 
displayed as it is being accumulated on 
a built-in cathode-ray oscilloscope. 
After accumulation, the display can 
be presented on either a log or linear 
basis. On log display, the vertical 
scale covers 5 decades. On linear dis- 
play, full scale can be switched from 
100 to 100,000 counts in four steps. 
Horizontal expansion is pro- 
vided. Alternate groups of ten chan- 
nels are intensified for identification. 
Spectra in 100- or 200-channel sub- 
groups may be overlapped. Provision is 
made for a variety of permanent-record 
readouts. The complete instruments 
occupy 1 ft* and weigh 20 lb. (Tech- 
nical Measurement Corp., Dept. Sci- 
265, 441 Washington Ave., North 
Haven, Conn.) 


Temperature integrator designed to 
record storage conditions of frozen 
food operates on electrochemical prin- 
ciples. The device is about the size and 
shape of a cigarette. To start its action, 
the indicator is squeezed to break a 
capsule of solution inside. The solu- 
tion connects two dissimilar metal elec- 


trodes allowing the electrochemical re- , 


action to start. Progress of the reac- 
tion is indicated by change of color 


of an indicator paper. The change, 
from yellow to red, progresses from 
one electrode to the other. In the pres+ 
ent device, the red zone moves the full 
length of the scale in about 20 days at 
20°F, 2 mo at 15°F, 6 mo at 10°F, 
and in more than 1 yr at O°F. At 
25°F the indicator will travel the full 
scale in a couple of days. (Minneapolis- 
Honeywell Regulator Co., Dept. Sci- 
276, 2747 4th Ave. S., Minneapolis 8, 
Minn.) 


Event programmer can schedule up 
to eight separate events to occur at 
time intervals which are from 100 
msec to 5 sec apart. Provision is made 
for remote starts and emergency reset 
is possible at any time. Each time in- 
terval is individually set with accuracy 
said to be +5 percent of dial setting. 
(Atlantic Research Corp., Dept. Sci- 
278, Alexandria, Va.) 


Reference junction box accommo- 
dates as many as 51 pairs of thermo- 
couple wires in addition to the pair 
that is used to monitor the box tem- 
perature. Junctions are made by using 
tapered plastic sleeves that wedge each 
thermocouple wire into a_ separate 
heat-sink socket. The wires are joined 
directly to copper within the heat sink. 
Junction temperature is controlled at 
150°F. (Research Incorporated, Dept. 
Sci268, P.O. Box 6164, Minneapolis 
24, Minn.) 


Servo analyzer is available in three 
models covering the frequency ranges 
0.1 to 100 cy/sec, 0.01 to 100 cy/sec, 
and 0.001 to 100 cy/sec, with sine- 
wave or square-wave modulated or 
unmodulated output. The analyzers 
provide direct reading phase and am- 
plitude measurements. An internal car- 
rier with 20-watt output is provided 
to operate servo-system components. 
The unit also operates from an exter- 
nal carrier of 45 to 4600 cy/sec; spe- 
cial provision can be made for carrier 
and modulation frequencies up to 20 
kcy/sec. Accuracies are said to be: 
amplitude, +2 percent of full scale; 
frequency, +2 percent of decade range; 
phase, +1 deg. (Remanco Inc., Dept. 
Sci271, 1805 Colorado Ave., Santa 
Monica, Calif.) 


Digital module (Fig. 1) is based on 
4%- by 4%-in. circuit cards. Each 
card contains four transistorized cir- 
cuits that can be connected as flip flops, 
one shots, and logic gates. Cards can 
be interconnected to form counters, shift 
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Fig. 1. Digital module. 


registers, arithmetic units, or other log- 
ical units. Each transistor output can 
drive ten inputs at rates from 0 to 200 
kcy/sec; standard levels are 0 and —12 
volts. Compatible system elements 
available include clock, relay driver, 
card cage, and power supply. (Com- 
puter Logic Corp., Dept. Sci248, 11800 
W. Olympic Blvd., Los Angeles 64 
Calif.) 


A pilot-size molecular still (Fig. 2) 
has three complete distillation units 
coupled in series. The units are capable 
of acting as preheaters, degassers, and 
strippers, as well as distilling the major 
compound. Automatic operation is pro- 
vided by recorders monitoring each 
control factor. Molecular weight range 
is 250 to 4000; capacity is 10 to 300 
lb/hr. (Arthur F. Smith, Inc., Dept. 
Sci252, 311 Alexander St., Rochester 
4, N.Y.) 


Fig. 2. Molecular still. 
11 AUGUST 1961 


Microwave phase meter is a direct- 
reading instrument for the frequency 
range 300 to 4000 Mcy/sec. Operation 
of the instrument is based on square- 
law response to a standing-wave pat- 
tern, the pattern being the resultant of 
the two signals whose relative phase 
is being measured. Resolution is said 
to be 0.1° at the microwave frequency. 
An output is provided for use as an 
error signal for automatic phase con- 
trol. The instrument can be adapted 
for swept-frequency operation with 
automatic recording. (Wiltron Co., 
Dept. Sci274, 717 Loma Verde Ave., 
Palo Alto, Calif.) 


Rubidium spectral lamp is a high- | 


intensity light source for research with 
optically pumped resonance systems. 
The lamp consists of a precise amount 
of alkali metal and noble gas in a trans- 
parent bulb mounted in the inductive 
winding of a free-running, 100-Mcy/ 
sec excitation oscillator. The lamp pro- 
vides a high-photon flux at a high 
signal-to-noise ratio. The only noise 
present is said to be substantially the 
fundamental limiting optical photon 
shot noise of the discharge. Potassium, 
cesium, sodium, and mercury discharge 
bulbs are also available on special re- 
quest. (Varian Associates, Dept. Sci257, 
611 Hansen Way, Palo Alto, Calif.) 


Coil tester measures the number of 
turns on coils without a core and on 
coils wound on open ferromagnetic 
cores protruding from the coil. Ac- 
curacy is said to be +0.1 percent. The 
device detects short-circuited turns 
equal to or larger than one turn of 
No. 25 AWG copper wire and checks 
on the correct amount of short-cir- 
cuited layers used for time delay on 
relays. The number of turns is meas- 
ured by comparing the voltages induced 
by a common flux in the coil to be 
measured and in a reference coil. 
(Maxim Controls Co., Dept. Sci277, 
4734 North Albina Ave., Portland, 
Ore.) 


Infrared spectrophotometer scans the 
spectrum from 2.5 to 15 » in 3 min. A 
full 12-min scan is available at the 
throw of a switch. The instrument is a 
double-beam spectrophotometer with a 
sodium chloride prism. Spectra are re- 
corded on notebook-size paper. (Perkin- 
Elmer Corp., Dept. Sci262, Norwalk, 
Conn.) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 


ANNOUNCING! 


UNIFORM ROCKLAND 
‘DIETS NOW IN 


SIZE, 


For more efficient feeding 
Easier eating...Less waste 


NO CHANGE IN FORMULATION 


New 3/16” bite-size 
pellet now available in 
Rockland Rabbit and 
Guinea Pig Diets. 


New flat-oval, can't-roll 
peilet now available in 
Rockland Mouse and 
Rat Diets. 


Greater ease and convenience of feed- 
ing; improved, more uniform feed in- 
take; less waste—these are but three 
reasons why investigators prefer the 
new pellet size and shape of Rockland 
| Diets. These new pellets flow easily 
and efficiently through standard feed- 
|ers, assuring an adequate feed supply 
for the animal at all times. And be- 
cause animals find these pellets easier 
'to eat, less fines and crumbles result. 
‘For improved productivity, efficiency 
and economy, investigate the many 
advantages of famous Rockland Stand- 
ard Reference Stock Diets—available 
in new improved size and shape. See 
your Rockland Dealer for further in- 
formation, or write: A. E. Staley Mfg. 
'Co., Decatur, Illinois, manufacturers 
and distributors of: 


DIETS 
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INTERFERENCE FILTERS 


for isolating narrow spectral bands 


Spectral Range: 340-900 millimicrons 
Peak Transmission: 40% 
Half Peak Width: 8-12mz 
Size: 2” x 2” 
For 


Colorimetry 
Fluorimetry 
Flame Photometry 
also microscopy, photomicrography, microcolorimetry, refractometry, 
polarimetry, light scattering measurements, and for mony other 


applications requiring monochromatic light in the visible, near- 
ultraviolet, and near-infrared range. 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 
1115 Broadway New York 10, N.Y. 


v-Aminobutyric-1-C" Acid 
50 vc/$35 100 


a-Aminoisobutyric-1-C" Acid 
50 vc/$35 100 »¢/$45 


a-Aminoisobutyric-3-0" Acid 
50 pc/$45 100 +c/$65 


GLASS ABSORPTION 
“KLEIT 


CELLS °° 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


AAAS Symposium Volume No. 61 


BIOLOGICAL AND CHEMICAL CONTROL 
OF PLANT AND ANIMAL PEST 


Editor L. P. Reitz April 1960 


274 + xii pp., 11 illus., 11 tables, 6 xX 9, index 
references, cloth 


Price $5.75; AAAS members’ prepaid orders 
$5.00 


Presented by the Section on Agriculture at the Indian- 
apolis meeting, AAAS, 28-30 December 1957 


. The Public’s Stake in Pest Control 
. Recent Advances in Chemical Control 
. Biological Control of Pests 


. Nineteen topics of importance about pest 
control ranging from quarantine and health 
problems to control of pests with chemicals 
and genes 
English Agents: Bailey Bros. & Swinfen, Ltd. 


Hyde House, West Central Street 
London W.C.1, England 


AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


1515 Massachusetts Avenue, NW 
Washington 5, D.C. 
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Meetings 


Forthcoming Events 
August 


30-1. Bionics Symp., 2nd annual, Ithaca, 
N.Y. (R. Earle, G.E. Advanced Electronics 
Center, Ithaca) 

30-1. Semiconductor Conf., 3rd annual, 
Los Angeles, Calif. (W. V. Wright, 
Electro-Optical Systems, Inc., 125 N. 
Vinedo Ave., Pasadena, Calif.) 

30-2. American Sociological Assoc., St. 
Louis, Mo. (T. Parsons, Dept. of Social 
Relations, Harvard Univ., Cambridge, 
Mass.) 

30-2. Experimental Research on Shell 
Structures, colloquium, Delft, Nether- 
lands. (A. L. Bouma, Dept. of Civil En- 
gineering, Technological Univ., Delft) 

30-5. Mental Health, 6th intern. congr., 
Paris, France. (Miss E. M. Thornton, 
World Federation for Mental Health, 19 
Manchester St., London, W.1, England) 

30-6. British Assoc. for the Advance- 
ment of Science, 123rd meeting, Norwich, 
England. (Secretary, BAAS, 18 Adam 
St., London, W.C.2, England) 

31-2. Exfoliative Cytology, intern. 
congr., Vienna, Austria. (Office of the 
Secretary of the Congress, 666 Elm St., 
Buffalo 3, N.Y.) 

31-2. Gynaecological Cytology, 1st in- 
tern. congr., Vienna, Austria. (R. M. 
Graham, Roswell Park Memorial Inst., 
666 Elm St., Buffalo 3, N.Y.) 

31-4. Preventive and Social Medicine, 
meeting, Evian, France. (Societé Fran- 
caise de Medecine Preventive et Sociale, 
1 rue de Courcelles, Paris 8, France) 

31-6. American Psychological Assoc., 


69th annual, New York, N.Y. (J. G. 
Darley, 1333 16th St., NW, Washington 6) 
September 


1-5. Danube Research, intern. symp., 
Budapest, Hungary. (Biological Sciences 
Group, Hungarian Acad. of Sciences, 
Roosevelt Tér. 9, Budapest V) 

1-9. Topology and Its Methods in Other 
Mathematical Disciplines, symp., Prague, 
Czechoslovakia. (Organizing Committee, 
Ke Karlovu 3, Prague 2) 

1-10. International Pharmaceutical Stu- 
dents’ Federation, 7th congr., Munich, 


Germany. (U. Peto, 10 Groffstr., Munich - 


19) 

2-7. International Assoc. for Quater- 
nary Research, Warsaw, Poland. (R. 
Galon, Secretary General, INQUA, Geo- 
graphical Inst. Univ., Torun, Poland) 

2-9. International Soc. of Surgery, 19th 
congr., Dublin, Ireland. (T. C. J. O’Con- 
nell, 35 Fitzwilliam Pl., Dublin) 

3-7. International Assoc. for Hydraulic 
Research, 9th congr., Belgrade, Yugosla- 
via. (H. J. Schoemaker, Waterloopkundig 
Laboratorium, Raam 61, Delft, Nether- 
lands) 

3-8. American Chemical Soc., 140th 
meeting, Chicago, Ill. (A. T. Windstead, 
National Meetings Dept., ACS, 1155 16 
St., NW, Washington 6) 

3-9. International Federation of Gy- 
naecology and Obstetrics, 3rd world congr., 
Vienna, Austria. (V. Griinberger, Medi- 
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zinische Akademie, Alserstrasse 4, Vienna 
9) 

3-10. Inter-American Congr. of Radiol- 
ogy, 7th, Sao Paulo, Brazil. (W. Bomfim- 
Pontes, Rua Cesario Motta 112, Sao 
Paulo) 

4. World Federation for Mental Health, 
14th annual, Paris, France. (WFMH, 19 
Manchester St., London, W. 1, England) 

4-6. International Assoc. for Shell 
Structures, colloquium, Brussels, Belgium. 
(Prof. Dutron, 127 Avenue Adolphe Buyl, 
Brussels 5) 

4-6. International Symp. on the Earth 
Storm, Kyoto, Japan. (T. Nagata, Science 
Council of Japan, Ueno Park, Tokyo) 


4-7. Neuropathology, 4th intern. congr., 
Munich, Germany. (W. Haymaker, Armed 
Forces Inst. of Pathology, Walter Reed 
Army Medical Center, Washington 25) 

4-7. Rheumatology, 10th intern. congr., 
Rome, Italy. (C. B. Ballabio, Clinica 
Medica Generale, Via F. Sforza 35, Milan, 
Italy) 

4-8. Low Energy Nuclear Physics, 
intern. conf., Manchester, England. (L. J. 
B. Goldfarb, Physics Dept., Univ. of Man- 
chester, Manchester) 

4-8. Pharmaceutical Sciences, 
intern., congr., Pisa, Italy. (Intern. Phar- 
maceutical Federation, 11 Alexander- 
straat, The Hague, Netherlands) 


BECKMAN Model DU 


Spectrophotometer 


AC LIN 


OSERATED: 


“The First” and “Still First”. Since its introduction Beck- 
man’s Model DU has maintained its position as the ““Number 
One Spectrophotometer” in the laboratory. The A.C. line 
operated unit eliminates storage batteries and dry cells and 
provides insured current stability. When equipped with an 


Q 'bicture’ 
instrument 


ultraviolet accessory set it covers a range from 210 mu to 1000 


mu. Continued research has extended its utility by providing accessories for flame 
photometry, fluorescence analysis, diffuse reflectance, temperature control of 
cell compartment, spectral energy recording and a wide range of cell compartments 
and cells which accommodate many types of liquid and gas samples. 

If you are considering the purchase of a spectrophotometer request bulletins 
733B and 736, ‘Consider the Facts” and ‘Buy Beckman”. 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Co. + Cleveland 6, Ohio 
SUPPLYING THE NATION’S LABORATORIES FROM COAST TO COAST 


CINCINNATI 37, OHIO 
6265 Wiehe Road 


ARSHAW 


SALES BRANCHES 
AND WAREHOUSES 


HOUSTON 11, TEXAS 
6622 Supply Row 


OAKLAND 1, CAL. 
5321 East 8th Street 


CLEVELAND 6, OHIO DETROIT 28, MICH. LOS ANGELES 22, CAL. PHILADELPHIA 48, PA. 
1945 East 97th Street 9240 Hubbell Ave. 3237 So. Garfield Ave. Jackson & Swanson Sts. 


SALES OFFICES © Baton Rouge 6, La. * Buffalo 2, N.Y. ® Hastings-On-Hudson 6, N.Y. © Pittsburgh 22, Pa. 
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4-8. Plasma Physics and Controlled 
Nuclear Fusion Research, conf., Salzburg, 
Austria. (Intern. Atomic Energy Agency, 
United Nations, New York, N.Y.) 

4-9. International Assoc. for Analog 
Computation, 3rd intern. sessions, Bel- 
grade, Yugoslavia. (D. Strujic, Decan- 
ska 14/IV, Belgrade) 

4-9. International Congr. of Angiology, 
4th, Prague, Czechoslovakia. (Z. Reinis, 
4th Medical Clinic, Prague 2/499) 

4-9. International Symp. on  Funda- 
mental Problems in Turbulence and Their 
Relation to Geophysics (by invitation), 
Marseilles, France. (Intern. Union of 
Geodesy and Geophysics, 53 Avenue de 
Breteuil, Paris 7) 

4-9. Laurentian Hormone Conf., Ho- 
berg’s Resort, Lake County, Calif. (Com- 
mittee on Arrangement of the Laurentian 
Hormone Conference, 222 Maple Ave., 
Shrewsbury, Mass.) 

4—/]3. Inter-African Conf. for Food and 
Nutrition, 4th, Bukavu, Congo Republic. 
(Commission for Technical Cooperation in 
Airica South of the Sahara, Pvt. Mail Bag 
2359, Lagos, Nigeria) 

4-14. Anglo-American Aeronautical 
Conf., 8th, London, England. (Inst. of 
Aerospace Sciences, 2 E. 64 St., New York, 
N.Y.) 

5-8. International Congr. of Homeo- 
pathic Medicine, 25th, Amsterdam, Nether- 
lands. (J. L. Fonteijn, Westzijde 116, 
Zaandam, Netherlands) 

5-8. Machine Translation of Languages 


Director, Machine Translation Research, 
Georgetown Univ., 1715 Massachusetts 
Ave., NW, Washington 6) 

5-8. National Chemical Exposition, 
11th, Chicago, Ill. . (Chicago Section, 
American Chemical Soc., 86 E. Randolph 
St., Chicago 1) 

6-8. Effects of Ionizing Radiations on 
Immune Processes, intern. symp., Lawr- 
ence, Kan. (C. A. Leone, Dept. of Zool- 
ogy, Univ. of Kansas, Lawrence) 

6-8. Transmission and Processing of 
Information, intern. symp., Boston, Mass. 
(R. M. Fano, Research Laboratory of 
Electronics, Massachusetts Inst. of Tech- 
nology, Cambridge 39) 

6-12. Human Genetics, 2nd _ intern. 
conf., Rome, Italy. (L. Gedda, 5 Piazza 
Galeno, Rome) 

7-8. Pacific Slope Biochemical Conf., 


annual, San Diego, Calif. (R. G. Wolfe. 
Chemistry Dept., Univ. of Oregon, 
Eugene) 


7-9. International Cardiovascular Soc., 
5th congr., Dublin, Ireland. (H. Haimovici, 
715 Park Ave., New York 21) 

7-9. Parapsychological Assoc., 4th an- 
nual congr., New York, N.Y. (C. B. Nash, 
St. Joseph’s College, Philadelphia, Pa.) 

7-10. Science News Writing Seminar, 
Colorado State Univ., Fort Collins. (M. 
G. Payne, Colorado State Univ., Research 
Foundation, Fort Collins) 

7-11. European Orthodontic Soc., 37th 
congr., Bologna, Italy. (N. Gray, 16 Col- 
lege Rd., Eastbourne, Sussex, England) 


Mendel, 
Rome) 

7-13. Electroencephalography and Clini- 
cal Neurophysiology, Sth intern. congr., 
Rome, Italy. (R. Vizioli, Viale Universita 
30, Rome) 

10-14. Tuberculosis Conf., 16th intern., 
Toronto, Canada. (C. W. L. Jeanes, 265 
Elgin St., Ottawa, Ont., Canada) 

10-15. Neurology, 7th intern. congr., 
Rome, Italy. (G. Alema, Viale Universita 
30, Rome) 

10-17. International Union of Forest 
Research Organizations, 13th  congr., 
Vienna, Austria. (Forest Research Inst., 
IUFRO Bureau, Vienna 89) 

71-13. European Organization for 
Quality Control, Sth congr., Turin, Italy. 
(Weena 700, Rotterdam, Netherlands) 

//—14, International Flax and Hemp 
Federation, 12th congr., Lisbon, Portugal. 
(IFHF, 37 rue de Courcelles, Paris 8) 

11-15. Cosmic Rays, 7th intern. conf., 
Kyoto, Japan. (Y. Sekido, Science Coun- 
cil of Japan, Ueno Park, Tokyo) 

11-15 Cybernetics, 3rd intern. congr., 


Viale Regina Margherita 261, 


Namur, Belgium. (Intern. Assoc. for 
Cybernetics, 13 rue Basse-Marcelle, 
Namur) 

11-15, Instrument Soc. of America, 


instrument-automation conf. and exhibit, 
16th, Los Angeles, Calif. (W. H. Kush- 
nick, 313 Sixth Ave., Pittsburgh 22, Pa.) 
11-15. Marine Sciences Instrumentation, 
symp., Woods Hole, Mass. (D. D. Ket- 
chum, Woods Hole Oceanographic Institu- 


and Applied Language Analysis, intern. 7-12. Neurogenetics, symp., Rome, tion, Woods Hole, Mass.) 
conf., Teddington, England. (L. Dostert, Italy. (L. Gedda, Instituto Gregorio (See issue of 21 July for comprehensive list) 
N FE UNITRON stereo microscopes 
low as $110 
Both models offer... sharp clear erect image + large depth ae oa S 
of focus + wide fi eld long working distance + interpupillary \ 
and adjustments « rack and pinion Soc sing coated tics 


MSL — a precision, » 
budget priced instru- 
ment. Vertical binocular 
body. Choice of single 
magnification from 5X to 
45X. Extra eyepieces for 
additional powers, 

$19.50 per pair. 


AVAILABLE FOR FREE “ACCESSORY STAND — For use 


with binocular head and focusin 
10-DAY TRIAL... WRITE mechanism of either Model MS 
FOR FREE CATALOG 4-8-2 or MSHL. Price (stand only), $75. 


COMPANY MICROSCOPE SALES DIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 


MSH L i a versatile 


general purpose instru- 
ment with a wide range 
of magnifications. In- 
clined binocular body, re- 
volving nosepiece for 
rapid interchange of ob- 
jectives. Model MSHL-1 
with objectives: 1X, 2X, 
* 3X; eyepieces: 8X, 12x, 
15X; magnification range: 
8X-45X. Other magnifi- 


cation ranges 
available. $267 


immediately. 


Write for this FREE 
NOW! 


No salesman 
will call. 


Laboratory and General Office 


experience 
guarantees 


RELIABILITY 


Order with confidence, 

the quality and dependability 
your laboratory and 

research needs demand. Prompt 
service, All correspondence 
and inquiries answered 


serums bloods 


e 


diagnostic reagents 


@ fluorescent materials 

@ tissue culture reagents 


We maintain a variety of our own laboratory animals 
under the finest conditions. 


COLORADO 


SERUM CO. 
LABORATORIES 


PEAK OF QUALITY 


4950 YORK STREET * DENVER 16, COLORADO © MAin 3-5373 


SCIENCE, VOL. 134 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| * | 


261, 


Clini- 


IN STOCK 

se: | || FOR IMMEDIATE DELIVERY 
DOPA-2,3-H° 

DOPAMINE-£-H° 


LIFE SCIENCES RESEARCH 
PHARMACOLOGISTS OR BIOCHEMISTS 
PHARMACOLOGISTS-TOXICOLOGISTS 


Armour Research Foundation has openings for 
high calibre research personnel with experience 
or advanced degrees in drug metabolism or 
tracer methodology, or experience in systemic 
effects or effects of toxic materials. 


These positions require men with Ph.D.’s or 


or Pharmacology-Toxicology. 

for D-GLUCOSE-1-C" We are expanding our staff in this area and 
Italy have mee ee and varied research 
; ‘ programs. You wi ave an opportunity to 
bial D ~ GLU CO SE-2-C" work in small project groups with some of the 
in metropolitan icago whi ers many 
G L U 0 E- 6-C cultural advantages. Excellent employee bene- 
Cieabic fits including a very liberal vacation. All 

Ask for catalog of complete line of qualified re Se ae consideration 
| for employment without regard to race 
TRACERLAB Chemica color or national origin. 
rcelle, Please send complete resume and salary re- 
For personalized service quirements to E. B. Beck. 

erica, Call TWinbrook 4-6600 
xhibit, Ext. 363 
Kush- 
tation, Radiochemical 
TaACETIA FOUNDATION 
nstitu- 


1601 Trapelo Road, Waltham 54, Massachusetts 


—PERSONNEL PLACEMENT 


10 West 35th Street 
Chicago 16, Illinois 


e list) 


CLASSIFIED: Positions Wanted 25¢ per POSITIONS OPEN | POSITIONS OPEN 
2 umber counts as additional words. 
~ Payment in advance is required. BIOCHEMIST BIOCHEMIST 
COPY for ads must reach SCIENCE 2 weeks Expansion has created an excellent oppor- 
i‘ before date of issue (Friday of every tunity on our Research Staff for an experi- vn, ee Se ee 
week). enced Ph.D. interested in the isolation of ing in comnective thave. FA.D. Sal 
DISPLAY: Positions Open. Rates listed be- naturally occurring macromolecules. Inquiries and position commensurate with quali- 
charge for Box Number. Rete: | | confidential résumés, etc, should be address 
discount. Minimum ad: 1 inch, Ads over to Personnel Manager, ace ratories, 
1 inch will be billed to the nearest Cranbury, N. J. Box 161, SCIENCE 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
except ere satisfactory cri as n 
established. REGISTRAR Ph.D. PARASITOLOGIST 
Single insertion $40.00 inch 
4 pm in 1 year 38.00 oo inch A.S.C.P. approved school of medical tech- Lar midwestern pharmaceutical firm 
nology, large general teaching hospital affili- needs young man to assume responsible 
For PROOFS on display ads, copy must ated with Western Reserve University, and role in tropical disease research group. 
reach SCIENCE 4 weeks before date of Research Technician position—divide time. New drug agents currently being at 
issue (Friday of every week). School in fields amebiasis. shistosomiasis. 
ddre some teaching and recruitment. College gradu- 
— ate, major fields chemistry and biology, 
ins Box (give number) salary, many benefits. Send résumé to Per- cant must be willing and able ultimately 
Massac! usetts Ave., Cleveland Me litan eral H ital tive duties of project leade: ip. Write, 
Washington 5, D.C. 3395 Serant ‘d 9, Ohio résumé bibliog- 
P.O. Box 1047 
Biology Teacher desires position in northern RESEARCH ADMINISTRATOR ie 
college. M.A.; now teaching zoology, botany, Ann Arbor, Michigan 
plant morphology; trained in zoology, ecology, Expanding research institute of outstanding medi- 
ani » 6 er enue, iton- take charge of research administration. As assistan [——~*~*«@RResearch Assistants = 
North. Carolina. to Director of Research, will be responsible for Research Assistants 
MS. (chemi ica) —_ B.S. or M.S. to Ph.D. 
.D. Resident with .S. (chemistry-mathematics nel, financial and public relations staffs; advise in- H ject: i Bio-Chem. 
and English literature-language A.B. (German, vestigators on processing of grants-in-aid; co-ordi- Bac- 
French, Spanish) desires joint abstracting-tech- nate new construction planning. Excellent oppor- immuno logy, issue ” ogy: 
nical writing. Box 171, SCIENCE. x growth = teriology/Openings on all levels. Liberal 
evel. elocation expense allowance an ra. %, H iti NYU. 
~~ Microbiologist, recent Ph.D. Minor biochemistry. benefit program. Send résumé with references and benefits oe pam» Dept. 
Major interest: medical aston and pathogenic salary requirements to: Samuel J. Ajl, Ph.D., onta pt. 
bacteriology. Desires academic position with Medical Cen- NYU Medical Center 
Tesearch opportunity; years’ experience in er, a 
5373 clinical microbiology.’ Box 167, SCIENCE. X 420 E. 34th St. New_York ¢ 
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Postrrons OPEN | POTIONS OPEN 


participation in basic research 


PHYSIOLOGIST-PHARMACOLOGIST 


M.D. or Ph.D. with 2 to 5 years’ experience in experimental physiology or pharma- 
cology and in the separation and isolation of biological agents. 
in neuro and autacoid physiology-pharmacology. 
Opportunity to work with experienced scientists in new research center. Good salary 
plus superior benefits including profit sharing. 


Please send complete résumé including education, jobs held, and expected salary to: 
K. L. Biro 
MILES LABORATORIES, INC. 


1127 Myrtle Street 
_Elkhart, 


An equal opportunity employer 


Indiana 


Position involves 


BIOLOGICAL 
SCIENTIST 


EXPLORATORY R&D 
CREATIVE, ENERGETIC Ph.D. 


—with broad biological background; 
able to work effectively with both top 
scientific and managerial personnel. 
Must possess strong facility in oral and 
written communication. Experience in 
pharmaceutical industry highly desir- 
able. Ability to speak foreign language 
very helpful but not essential. 


THE JOB 


—to seek out potentially useful thera- 
peutic compounds from sources outside 
our own laboratories and to preliminarily 
evaluate these agents with laboratory 
scientists representing all biological dis- 
ciplines. Good opportunity for domestic 
and foreign travel and attendance at 
appropriate scientific meetings. 

Send complete résumé including salary 
requirements to: 

W. R. HALL 
SMITH KLINE & FRENCH 
LABORATORIES 
1514 Spring Garden Street 
Philadelphia 1, Pa. 


An Equal Opportunity Employer 


Executive Secretary, M.Sc. or Ph.D. 


in science; 
administrative ability; teaching experience; _in- 
itiative; affable; willing to travel some. Full- 


time position implementing Junior Division pro- 

gram and programs for improvement of science 

teaching, teacher certification, science libraries, 

science-industry liaison in Ohio. Attractive sal- 

ary. Write for application form. The Ohio Acad- 

= Science, 505 King Avenue, Columbus 1, 
io. 


M.S. in Chemistry interested in working for 
Ph.D. in biochemistry at University of Houston. 
Identification and purification of biologic im- 
mune factor anti-tumor agent applied toward 
research requirements. Salary $6000-$7000. Box 
20065, Houston 25, Texas. 


LABORATORY 
TECHNICIANS 


For expanding slide department of bio- 
logical supply company. Training in bo- 
tanical technique and/or whole mount 
preparation required. Will consider short- 
term employment (2 years) as well as 
permanent employment. Salary commensu- 
rate with education, training, and experi- 


ence. Excellent working conditions, su- 
burban area, employee benefits, paid 
holidays and vacation, opportunities for 
advancement. 


Box 162, SCIENCE 
PHARMACEUTICAL 
RESEARCH AND NEW 
PRODUCTS DIRECTOR 


The man we seek has wide experience 
in developing successful new products 
for the ethical pharmaceutical field. He 
is now #1 or #2 man in charge of a 
pharmaceutical research laboratory, 
and is looking for the opportunity to 
direct and have complete responsi- 
bility in a vastly expanding research 
program of a fast growing and recog- 
nized ethical pharmaceutical firm ($10- 
15 million annual sales). He probably 
feels that the company where he is 
now employed is not using all of his 
talents effectively and is looking for a 
chance to really participate in top 
management. A new $5 million facility 
will be completed in the near future. 
We are located in the greater New 
York area (not N.J.). Compensation— 
high. Replies treated with confidence. 
Box 172, SCIENCE. 


PHARMACOLOGIST 
Ph.D. with special training in neuro- 
pharmacology either academically or 
industrially, for expanding research de- 
partment of upstate New York phar- 
maceutical company. 


Box 170, SCIENCE 


Ph.D. in Pharmacy 


Position open 1 September on faculty 
of School of Pharmacy at leading uni- 
versity. Excellent opportunity for teach- 
ing and research. Our staff aware of 
this notice. Send résumé to 


Box 168, SCIENCE 


Predoctoral Fellows in Physiology: Support 
is available for study leading to the M.S. and 
Ph.D. degrees in physiology. Stipends vary 
with training between $2400 and $3600 per 
annum. Opportunities are available to do 
graduate work in endocrinology, cardiovascu- 
lar or respiratory physiology, radiobiology 
and various other areas. Write to Dr. H. E. 
Bredeck, Department of Physiology, Colo- 
rado State University, Fort Collins, Colorado. 


The Market Place 


iil BOOKS AND MAGAZINES iil 


Your sets and files of 
scientific journals 


are needed by our librar 
tomers. Please send us lists and description of 
files you are willing to sell. mar- 
et prices. Write Dept. A38, C R’S, Inc. 


and institutional cus- - 


| 
| 
| 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top 


Your wants supplie: 
our Back Files of over 3,000,0! 
Abrahams Magazine Service N. Y. 3, 


PROFESSIONAL SERVICES _ 


rices. 

from 

periodicals. 
Y. 


[CONSULTATION AND RESEARCH SINCE 1922] 


and Toxicology + Pharmacology 
Duy Nutrition + Biochemistry + Bacteriology 
. BERNARD L. OSER, Ph.D., Director 
Maurice Avenue at Street 
i Maspeth 78, New York City 


WHERE cOUNTS 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, Flavor Evaluation. 


Project Research and Consultation 


EXPERIENCE 


WISCONSIN 
ALUMNI 
RESEARCH 
FOUNDATION 


Write for Price Schedule 
P. O. Box 2217 © Madison 1, Wis. 


uN SUPPLIES AND EQUIPMENT iii 


YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 


The Junior Garceau 
Electroencephalograph 
No Shielding 
A.C. Operated 
Price $575.00 
ELECTRO-MEDICAL 
LABORATORY, INC. 
South Woodstock 2, 
Vermont 


1919 - 1961 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 
Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 


Controls Handbook Dept. H 


“From the hand of the veterinarian 
to research” ® 


albino rats 
a CHARLES RIVER *CD 
(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 
(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 
@10 years experience animal surgery. 
@ Overnight air service from Boston 

* Trademark 


THE CHARLES RIVER BREEDING LABS 


1018 Beacon St., Brookline 46, Mass. RE. 4-2000 
Henry L. Foster, D.V.M., President 
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POLARIMETER 


Accurate readings with great ease 


@ Inclined observation telescope permits readings 
from sitting position. 


@ Glass scale, verniers and Laurent half-shade plate 
(triple field of view) are observed in the same telescope. 


WRITE FOR @ Illumination by either a double filament 40-watt 
bulb or sodium spectral bulb. 
FREE DETAILED 


SPECIFICATIONS @ Newly designed, precision polarimeter tubes ensure 
absence of strain, resulting in true measurements. 


@ Direct vernier readings can be made to 0.05° and 
estimated to 0.025°. 


COMPLETE 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 


. 
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) 
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= 
ts) 
= 
ogists. 
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Cut from Chance colorless micro sheet of the high- 
est resistance to attack by moisture, remarkably 
free from brittleness and very flat. Because of pro- 
duction in mechanically drawn flat strips, precision 
controlled thickness is obtained. Covers meet all 
requirements of U. S. Federal Specification DD-G- 
426a. They are free from lead oxide and therefore 
suitable for tissue culture work. 

The relative absence of brittleness, which has 


Per 
ounce 


controlled thickness 


always been one of the outstanding 
characteristics of Chance micro sheet, greatly r 
duces breakage in handling and cleaning, particu- 
larly of large rectangles. 

Sizes most widely used are now packed in a 1 oz. 
box of polystyrene foam with lift-off cover. Covers 
can be withdrawn singly without touching the 
surface. Remaining sizes are packed in small card- 
board boxes. 


Per oz. 
in 6 oz. 
carton* 


SQUARES, oy 1, 18, 22 and 
25 

Ditto, 

CIRCLES, 18, 22, and 
oun he 


22 X 30 mm 
up to and incl. 48 X 60 mm 
Ditto, No. 2 


2.25 2.03 
1.90 1.71 


3.50 
2.95 


2.25 
1.90 


3.15 
2.66 


2.03 
1.71 


*One size, shape and thickness only **Assorted sizes, shapes and thicknesses 


For description and current prices of additional sizes pr thicknesses, 
see pp 668-669 of our new 196] catalog 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on “— 


Laboratory Apparatus and Reagents 
VINE ST. AT BRD ¢ PHILADELPHIA 5, PA. 


| 
| 
| 
| e 
| oO R GLASSES 
| 
| MICRO COVE 
— 
colorless optical glass 
| 
Per oz. Per oz. 
72 oz.** 144 oz.** 
| assortments assortments 
a 7020. 1.80 1.08 
7022, 2.80 2.63 
2.36 B 
7024. 1.80 1.69 
|_| 1.52 1.43 
\ 
| A.H.T.CO. 
MILA 


a 


